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INTRODUCTION

AFOSR

The aim of the work done under AFOSR grant No 84-0390 was to

find out the action mechanism of N,N'-Diacetyl-1l,6-diaminochexane

(DADH), a substance of known antitransforming effect in vitro,

in an animal experiment.

Primary field of interest were molecu-

lar-biological and immunological varameters. Beside this, tumor

development as well as other biological parameters were investi-

gated.

Ve chose C57 bl/6 mice as experimental model because the inci-

dence of malignant tumors is high and their mean life span 1is

660 days in males and 640 days in females. Immunologically the

onset of decline occurs earlier and the rate of the age related

Zecline in activity is more rapid, compared to other mouse

strains. Additionally the T cell immunity may play an important

role in the resistance against life shortening malignant lympho-

ma, which can also be induced by ionizing radiation. Radiation

incduced thymic lyvmohomas in C57 bl/K mice can produce high ti-

ters of radiation leukemia virus (Rad LV) which is able to se-

lectivelv transform T lymphocvtes. Studies of Rad LV induced

leukemogenesis in C57 bl/K9 mice have shown that the thymus is

essential for wvirus replication and that T cells are the cellu-

lar target of virus induced neoplastic transformation. T cell

immunity mav therefore plav an important role in the resistance

against life shortening malignant lymphoma induced by ionizing

radiation.

It was revported by Hirokawa et al. that all-the T cell depnendent

splenic immunological activities investigated, showed a decline

with age. Studies from our laboratory have shown that »oly(ADP-

ribose)-synthesis declines as a function of age in lymohocytes.

Because the resistance against radiation induced lymphoma 1is

1lso denendent on “he right balance of lvmphocy:te subsets and

Ais0 2f natural

were not done

1Y aroagramne,

1

an till

novw,

“iller cell activity and “hese investigations

we included these determinations in

The detormination of PAN T cells, suppressor

SV

13 ‘“ncluading cutectoxic cells) and B cell oopulation was done
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usinag monoclonal antibodies and the killer cell activity was
studied by a SlCr release method. Since for balanced lymphocyte
action several differentiation steps are necessarv and poly(ADP-
ribose)-svnthesis (PAR-synthesis) controls this important deve-
lopmental mechanism, we tried to find out if any antitransfor-
ming activity in vivo 1s also correlated with enhanced PAR-poly-

merase activity and differentiation processes.

Besides oolv{(ADP-ribose)-polymerase activity and poly(ADP-ribo-
se) cont=ant of cells also replicative DNA synthesis, unsche-
dul- i DNA svnthesis and DNA strand breaks pnossibly nlay a role
in the generation of irradiation induced lymphomas. Investiga-

“ions including these narameters were also performed.

3ince gene amplification can be cdetected by cytogenetic determi-
nation of doubleminutes we have tried to include this factor in

the short term expneriments with DADH.

During +the initial ohase of this project twc "antitransformer”
substances were selected to investigate some biochemical and
immunological narameters in short term experiments to find out

the "best" substance for the long term study.

Some valuable results were obtained with both, 3-methoxy-benz-
amide (3-MBA) and DADH, but DADH was choosen for the long term
experiment, because the substance can be applied with drinking
water and is facilitated by the characerization of its cellular

untake and metabolism.

Toxicokinetic study of 3-methoxvbenzamide

la-labelled 3-methoxybenzamicde was applied »jerorally to groups
of 3 male and 3 female rats. The animals were killed 1, 4 or 18
hours after a single avoolication of the test substance or 72
nours after the last of 5 consecutive acdministrations. l4C-acti-
7itv in liver, lung, spleen, thymus, Xidneys and blood was ana-
lysed. Highest concentrations were observed in liver and kid-

nr:ys, lowest iIn snleen and thymus. l4C-activity decreased with

an initial half time of 1 - 1.5 hours and was then slowing down.
De<ails see =nclosed raeport (enclosure 1).
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Toxicokinetic study of N,N'-Diacetyl-l,6-diaminohexane

l4-labelled N,N'-diacetyl-1l,6-diaminohexane was applied peroral-
ly 2o crouns of 3 male and 3 female rats. The animals were xil-
led 1, 4 or 18 hours after a single application of the test sub-
stance or 72 hours after the last consecutive administration.
l4C-activity in liver, lungs, spleen, thymus, kidneys and blood
was analvsed. Highest concentrations were observed in kidneys,
thvmus and spleen, lowest in blood. l4C-activity decreased with
an init<ial half time of about 1.5 hours and was then slowing
down. An accumulation of the test substance in the organs occur-
rad after raneated administrations.

1

1ls see enclosed revnort (enclosure 2).

Because antitransforming activity is also important for human

sKxin, a nercutaneous absorption studv of N N'-diacetvl-l,é 6-dia-

minohexane was performed in addition.

Details see enclosed repnort {enclosure 3).
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ANIMAL EXPERIMENTS AND HISTOPATHOLOGY IN:

Animal studies on the mode of action of acents, that are

antitransformers in cell cultures.

SUMMARY

N, N'-Diacetyl-l,6-diaminochexane (DADH), a substance of a known

’

antitransforming effect in vitro, was used to study a vossible

2ffect when appolied to mice alone or in combination with gamma

[

rradiation. Primary field of interest were biochemical parame-
ters. Besides this, tumor development as well as other biologi-
al narameters were investigated.

groupns of 89 male and 98 female C57-bl mice were kept for

uo to 618 davs.

Groun 1 remained untreated as control.

Groun 2 was treated with DADH (100 ppm in the water)

continuously.

L

uo 2 was gamma irradiated with 1 Gy once initially.

[
o]

un 4 was treated with DADH (100 ppm in the water)
continuously and gamma irradiated with 1 Gy once ini-

tiallv.

Investigations revmorted in this part: Clinical signs, body
welght, water consumption, haematology, necropsy and histopatho-

logy of spleen, thymus and grossly changed tissues.

Summarized results:
There was no detectable effect of any kind of treatment on body

welght, water consumntion, clinical signs, haematologic varame-

vt
0

rs, spontaneous mor+tality and non neoolastic changes. Inciden-

9]
W

2f neceonlasms, mainly malignant lymphoma, was higher in all

“reited grouns comoar=d -0 the untreated group l. This gives

2n indication £or a carcinogenic effect of the test substance
a

alene and - as exnectad - of the single gamma irradiation. There

was no diffa

't

v
3
s
b
3
(¢}
-
3

enc2 of neoplasm bearing animals between
rrouns 2, 2 and 4 21ill =he termination of this study. Incidence

’

2% malignant lvmpnhaomas alone was lower in the combined treated




groun than 1n the irradiated group and the DADH treated grouwo.
This gives an indication for a suppressive effect of DADH on

irradiation induced lvmphomas.

1.INTRODUCTION

The test substance, N, N'-diacetyl-1l,6-diaminochexane is an
antitransformer and a modulator of poly(ADP-ribose)syntheta-
s2. It was the aim of this study to: 4
- supnlv tissue samples for biochemical experiments and to
- reveal chronic in life effects of the test substance
alone or in combination with gamma-irradiation.
- to verform a pathological examination of the treated animals
for elucidating a possible inhibitory effect of the test
substance to induction of spontaneous and irradiation

induced neoplasms, mainly malignant lymphomas.

2.MATERTIALS AND EXPERIMENTAL CONDITIONS

2.1.Test substance:

Name: DADH

Chemical name: N, N'-diacetyl-l,6-diaminohexane

’

Other Name: N, N'-Hexamethylenbisacetamide

Purity: 98%

Lot No.: 7715 HK

Source: Aldrich Chemical Company, Inc., Milwaukee, Wis 53233,
USA

Cat. No.: 22,423-5.

Storage: In the refrigerator at about +4 C,.

Apvearance: White, cristalline powder, slight odour.
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aration and avonlication of the test substance:

o)
DADH was apnlied dissolved in the drinking water in a ccn-
ca2ntration of 100 »om (100 mg »ner l). Test substance solu-

sions were prepvared freshly once a week.

i
l1s of group 3 and 4 were gamma-irradiated once with
from a 60-Co irradiation plant. Animals were irradiated

o)
on dav 15, 2 weeks after the first dosing with DADH.

.4.Animals:

C57 21 mice.

Source: Charles River - WIGA, D3741. Sulzfeld.
20 mice were supplied by Institut fur
Versuchstierzucht, A-2325 Himberg to replace males
that died from fighting.

wumpoer and sex: 356 males and 356 females.

Age: aonrox. 9 weeks at time of arrival in the test facility.

Date of arrival at test facility: September 19, 1985 (20

additional mice arrived at Oct. 8, 1985).

2.5.Animal husbtandrv and environmental control:

Hvaiene: behind a hygienic barrier.

Room numbers: B3-10, animals for interim sacrifice term A and
B in room No. B2-11.

Rocm temperature: average of 21°,

Rala=ive humidity: average of 55%.

Air exchange: 12/h.

ot

o.m.

I

i
"
¥e]

4

ht: artificial light from 6 a.m. to 6
es:

-a

\Q
n

joint caging in Makrolon cages type III

(

{

mice were caged together. From Dav 9 on max:imally 6 male

(49}

3 cm x 23 cm X 15 cm). Wire mesh lids. Initially 10

mice were caged -“ocgether to recduce fiaghting. Animal num-
2er ner cage was reduced graduallv py taiing animals
for scheduled sacrifices.

food: Altromin 12314 £f, gamma irradiated with 10 kGy 60Co,
ad libiznm. Random samples of the fcod are analysed oy

Alzromin, D-4927 La

Q

e.

Wata2r: tac water acidified with HC1l +o »oH 3, ad libitum,

‘S_L‘
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Maxkrolon pottles with stainless steel canules.

n: animals were not identified individually

ication patches. Individual lapelling wizh 3

n
o

Jduring the treatment neriod. Cages were labelled with
n
ed nen on the tail was verformed only for iden-
n

at necronsv. %

Acclimatisation neriod: 10 davs.

treatment: |

Jrous treatment

1 untreated

2 100 oom DADH in drinking water

2 a single gamma-irradiation (1 Gy) 1

on Day 15

4 100 »om DADH in drinking water during the whole ]
life span plus a single gamma-irradiation
(1 Gy) on Day 15

Doses were lected by the principal investigator on the

se
pasls of preliminary experiments.

Animal numbers:

Grouo Animal Number s
Females Males |
1 (contrel) 1 - 89=* 101 - 189~*
2 (DADH) 201 - 289~ 301 - 389~
3 (1rrad.) 401 - 489~ 501 - 589*
4 (DADH, irrad.) 601 -~ 589* 701 - 789*

89 mice of each sex were used per group. Animals for schedu-
ce were assigned with a plain number (e.c. 101,

}, Aanimals of moribund sacrifice were assigned with a 1

]
c
3
o}
m
8]
J

nlus nrececing ¥ (e.g. M101, M102), and spontaneously
dil2d animals were assigned with a number nlus nreceedinag T
fe.z. TLO1l, T102).

*) The =otal number ne

a

groun was 89 animals. Scneduled and

acribund sacrifices and soeontaneous deatns were assiqgned in
carall:z:l starting with the lowest number., Therefore tn

nirhest 2essidble number was ot reached in any groun.

—
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.12.8cheduled
t

and frequencv of observatrion:
ur and »nhyvsical signs of the animals were checkad

31lv excent for weekends. Only abnormal findings were re-
cordad, A more detailed examination was nerformed once a

S S,

welgh

3ody weiaht sum 9f animals in one cage was determlned weekly

—:11 Dav 14, =hen monthly. No bodv weight was determined of

A and B.

inlmais o7 sacriilce caerm

IonsumnTicn:

wWatar consumotion was calculated by weighlng the bottles in

fu
b=
u

No water consumption was calculated of

and B.

interv
term A Determination »f water

s perfcrmed weexly till Day 37,then monthly.

.1l.laenatology:
Rlcod samples were taken from all males (excent for sacri-
fice date A, B and C) on the last 1-5 days before necroosy.
Blood samples wer2 taken from the retropbulbar plexus 1in
ether anesthesia.
Paramet2rs - methods: Red and white cell count, mean cell
velume of red and white plood cells, haemoglobin, haemato-
crit by Coulter Counter, model 2ZF6.
Differential white cell count by microscovpical analvsis of
blood smears stained according to Papvenheim.

sacrifices:

ilssue samples for blochemical examinations,

sacrificed at scheduled terms. Randomly selected ani-

taken out of the groups and glven an individual

numper £or necroosy and sample identificaticn.

animals
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Tissues takan,

nents are

Term Date*

Dav*

P

-9 _

described later.

Animal Nos.

A Oct.l4,

B Oct.21,

)

Dec. 9

D Apr. 7,

E Oct. 6,

F Dec. 9

G Jan.l9,

H Feb.l6,

[}

Mar.2:Z2,

Apr.27,

(&

1585

1985

1985

1986

1986

1986

1987

1987

1987

1987

15 1-4, 101-104, 201-204,
201-304, 401-404, 501~

504, 601-604, 701-704

5-12, 105-112, 205-212,
305-312, 405-412, 505-
512, 606-612, 705-712

71 13-20, 113-120, 213-220
312-320, 412-420, 512-
520, 612-620, 712-720

21-28. 121-128, 221-228
321-328, 421-428, 521-
528, 621-628, 721-728

29-36, 129-136, 229-236
329-336, 429-436, 529-
536, 629-636, 729-726

37-44, 137-144, 237-344
337-344, 437-444, 537-
544, 637-644, 737-744

45-52, 145-152, 245-252
345-352, 445-452, 545-
552, 645-652, 745-752

53-60, 153-160, 253-260
353-360, 353-460, 553-
560, 653-660, 753-760

61-68, 161-168, 261-268
361-368, 461-468, 561-
568, 661-668, 761-768

69-72, 169-179. 269-272
369-370, 469-470, 569-
576, 669-674, 769-772

22

1390

372

436

477

505

575

AFOSR

procedures and results of the biochmical exneri-

’

’

r

’

,

’

’

*) Males were killed in groups of two on the days indicated

and the following 3 days in each case,

females in g

four on monday and tuesday of the following week.

2emaining animals were euthanized on day 618.

19
.

p—
to

Morihund

sacrifices:

roups of

Animals wi<h serious and/or life threatening lesions or a

marzed loss of body weicht were killed as moribund.

.Necrossv and nistologlical examination

All animals

’

mlrloes

soontaneous

warn dlssec<e2d and examined macroscovicallvy

deaths and moribund or sci

eculed

to

T v — e — -
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identifyv gross changes or tissue masses.

A sample of the spleen, thymus (except for animals of
sacrifice term A and B and those with complete

thvmic involution), macroscopically changed organs and
tissue masses were fixed with 7% formaldehyde, trimmed
and embedded in paraplast. Sections of S/um were stained

with hematoxilin/eosin/alcian blue and examined histopatho-

logically using a Zeiss-Universal microscope.

Time schedule:

Animals arrived on: Sepntember 19, 1985.

Date of first dosing: September 30, 1985.

Date of irradiation: October 14, 1385 (some animals orf
interim sacrifice date B were irradiated from October 15
through 22, 1385).

Date of last sacrifice: June 9, 1987.

The cday of the first dosing with DADH was called the first

Day of experiment.

Bias control:

Assigning of animals to their groups was performed using
randomn numbers. Cages were positioned by partial randomi-
sation on the cage racks. Animals for interim sacrifice
were taken in a wav to keep a constant number of cages and

to reduce *“he number of animals per cage.

Statistical analysis:

Arithmetic mean and standard deviation were calculated

and ar= nresented in the Tables. The one way analysis of
variance followed by Scheffé test was used to evaluate
erences between means. Countable events were analysed
with Chi-sguare test or with Fisher's Exact test. Males and
2mal2s were analvsed separately except for the 2atholoai-
-2l daza. P=7.05 was chosen in each test. A significant

difference setwesen any groups 1s marked in the Tables.

mlood smears, his<ological slides ancd a conv

3

3
1 renort are retained £or a vericd of 12 vears,
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The data are not destroyed without the orior consent of the

sSOOonsor.

3.RESULTS

3.1.Body weight (Table 1, Fig. 1, 2):

There were some scattered significant differences in body
weights, especially in female mice, but there was no group
with a significant lesser body weight compared with the
untreated control group l. None of the treatments had there-

fore a negative influence on body weight.

3.2.Water consumption (Table 2, Fig. 3, 4):

There was no significant difference in mean

water consumption between the different groups, except for
i one single case, which is not regarded to be of importance.
No indication for a poor palatibility of DADH solutions can
be derived from this data, as there was no lower water con-

sumzgtion in the DADH treated group.

3.3.DADH uptake (Table 3):

DADH uptake was calculated from water consumption and actual

bodv weight. As expected, it decreased slightly with in-
creasing age because of the relatively lower water consump-

tion of elder animals.

3.4.Animal observation (Table 6):

9 Fighting was a major oroblem in the first weeks of the study
and cause of death for several animals. After reducing the
numdber of males per cage no further fighting and cannibalism
was seen.

Except for this the most important changes observed were

| lesions of the skin, like alovecia, skin ulceration or thik-
<ened skin.

llone of the changes observed is attributable to any xind of

creatment.
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3.5.Haematology (Table 4):

There were a few scattered differences in haematology parame-
ters, but there is no indication for a haematologic effect of

anv kind of treatment.

3.6.Mortalitx:

Number, group and time of death of the spontaneously died
animals and of the moribund sacrifices are listed in Table 5,
the actual number of animals in the study at any time is
given in Figs. 5 and 6.

There was no significant difference in the total number of
unscheduled deaths between the groups. More males than fema-
les died spontaneocusly in all groups. Main causes of death
of the spontaneously died animals were neoplasms. Main rea-
son for moribund kill was obvious lethargy and serious der-

mal changes.

2.7.Necropsy findings (Tables 7 and 8):

Except for two congenital changes (kidney, hypoplasia and
aplasia) and several tissue masses, the most prominent fin-
ding were white foci on the liver.

None of the these changes gives an indication for a treatment
related effect.

3.8.Histopathology findings (Tables 9, 10 and 11):

Non neoplastic lesions were found in several animals of all
groups. A statistical comparison between the groups was only
nossible for changes of the spleen, as in all other cases
the number of examined organs was not renresentative and
there was no random selection of tissues. None of the non
neovlastic lesions gives an indication for an effect of

any kind of treatment.

Skin changes and focal liver necroses possibly indicate a
chronic bacterial infection.

Renal amyloid deposits were seen in nearly all samples of
mice in the last months of the experiment, indicating a very
nigh incidence of <his change.

The most frecuent neonlasms observed were different tvoes

of the malignant lvymphoma.

i arannen st e —— B
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Only single cases of other neoplasms were found except for
lymphomas. As only grossly identified tissue masses were
examined microscopically, no tumors of incretory glands or
of the brain have been found and the total number of tumors
described in tissues excent for svleen and thymus does not
represent the total number effectively present.

Tumor incidence was lowest in the untreated control group 1.

It was higher in the other three groups.

3.9.Miscellaneous:

Cannibalism victims, died within the first days of the study,
have been replaced by additional animals between Day 9 and
15.

4 .CONCLUSION

There is no evidence for a treatment related effect on bodyweight,
water consumption, haematology, clinical signs, and non neo-
plastic pathological lesions.

The number of animals with any kind of neoplasm is lowest in

the untreated control group 1, compared to all treated groups.

Incidence of malignant lymphoma is increased in DADH treated
groun 2 and in the irradiated group 3 compared to the untreated
control grouo 1. Though there is no statistical significance,
incidence of malignant lymphoma in the group 4 with combined

treatment (DADH plus irradiation) is lower than in both groups

! 2 and 3. This gives an indication for:
- a carcinogenic effect of the treatment with DADH alone.
- a carcinogenic effect, as expected, of a single gamma
] irracdiation with 1 Gv.
- a inhibitorv effect on lymphoma induction by combined
4 treatment with DADH and gamma irradiation.
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Taple 1: Animal experiments and pathology in: Animal studies
on the mode of action of agents, that are antitransfor-
mers in cell cultures.
Bodv weight data (g).
Data are oresented by mean/standard devation

FEMALES
Dav Group 1 Group 2 Group 3 Group 4 sign.*
untreated DADH irrad. DADH,irrad.
1 18.5/0.2 18.0/0.8 18.4/0.5 18.2/0.9 -
8 19.4/0.4 19.2/0.3 19.5/0.5 15.6/0.6 -
15 21.4/1.4 19.3/1.1 20.0/0.5 20.8/1.0 1-2
22 20.4/0.2 13.9/3.98 20.6/0.5 20.8/0.2 -
29 21.1/0.4 20.7/0.2 21.3/0.4 21.0/0.3 2-3
36 21.4/0.3 21.1/0.2 21.3/0.3 20.9/0.2 1-4,3-4
43 21.7/0.3 21.1/0.9 21.6/0.4 21.4/0.7 -
50 22.1/0.3 21.8/0.4 22.5/0.4 22.3/70.2 2-3
57 22.3/0.2 21.7/1.1 22.7/0.5 22.5/0.3 2-3
64 22.5/0.6 22.0/1.3 22.7/0.6 22.4/0.3 -
95 24.4/0.4 24.0/0.3 24.2/0.6 24.2/0.3 -
127 25.0/0.3 24.8/0.4 24.9/0.5 25.0/0.5 -
155 25.6/0.3 25.3/0.4 25.8/0.6 25.8/0.3 -
204 26.4/0.5 26.0/1.1 27.0/0.8 27.3/0.6 2-4
234 26.6/0.6 26.6/0.4 27.8/0.9 28.5/1.0 1-3,1-4,
2-3,2-4
260 26.8/0.6 27.5/1.8 28.5/0.8 29.0/1.0 1-4
28¢ 27.2/0.7 27.0/0.4 29.0/1.2 28.9/1.3 1-3,1-4,
2-3,2-4
316 27.0/1.4 26.5/2.9 29.2/1.2 28.7/2.0 -
345 27.9/0.38 27.2/2.0 29.1/1.1 29.6/1.6 2-4
386 27.5/0.7 27.8/0.7 28.8/1.0 29.3/1.1 1-4,2-4
420 27.7/0.7 28.5/1.6 29.2/1.3 29.5/1.9 -
470 27.5/0.9 27.6/0.8 29.0/1.0 28.7/1.2 1-3
498 27.4/1.0 27.0/0.8 28.9/0.7 27.9/0.6 2-3
526 27.3/1.2 28.9/0.8 30.0/1.9 29.3/1.0 1-3,2-3
1-4
554 27.8/2.7 29.5/1.6 30.8/1.4 28.4/1.2 -
sign.*: significant differences between groups indicated
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1
r Table 1, cont.: Animal experiments and pathology in: Animal
studies on the mode of action of agents, that
are antitransformers in cell cultures.
Body weight data (g).
Data are presented by mean/standard devation.
! MAES
! Day Group 1 Group 2 Group 3 Group 4 sign.*
untreated DADH irrad. DADH,irrad.
} 1 21.4/0.4 21.6/0.4 21.3/0.9 21.4/0.5 -
3 22.4/0.5 22.6/0.3 22.4/0.7 22.6/0.5 -~
? 15 23.1/1.0 20.8/1.6 22.1/2.1 24.9/1.7 1-2,1-4
2-4,3-4
22 23.5/1.8 23.9/0.6 23.7/0.9 23.5/0.7 -
29 24.8/0.8 24.3/0.4 24.9/0.5 24.4/0.7 -
\ 36 25.1/1.0 24.2/0.6 24.9/0.7 24.3/0.7 1-2
V 43 25.4/1.3 25.1/0.4 25.3/0.5 24.9/1.0 -
50 26.0/1.6 25.5/0.8 25.6/0.6 25.0/0.9 -
57 26.2/1.4 25.9/0.38 25.9/0.5 25.4/0.9 -
64 26.8/1.8 26.4/0.7 26.2/0.7 25.7/1.4 -~
95 28.4/2.1 27.6/0.3 27.8/0.4 27.5/1.1 -
127 29.1/2.2 28.4/0.8 28.5/0.5 27.7/1.5 -~
155 29.9/2.2 29.2/0.9 29.7/0.6 29.1/1.4 -
204 30.9/2.2 30.9/1.3 30.4/0.8 29.9/1.7 -~
234 32.4/2.0 32.2/1.6 31.7/1.3 31.2/1.7 -
260 32.5/2.3 32.7/1.7 32.4/1.1 32.3/1.9 -
283 33.6/2.3 33.3/1.9 32.9/1.4 31.8/1.3 -
316 33.6/2.5 33.6/2.3 32.7/1.9 32.1/1.9
345 33.7/2.2 33.9/1.9 32.9/1.2 32.6/2.2 -~
386 33.3/2.7 32.3/1.8 32.3/0.9 32.4/2.4 -~
420 33.3/2.6 33.0/1.6 32.0/0.9 31.6/2.1 -
470 32.6/2.4 32.4/1.2 32.2/1.0 31.7/1.9 -
498 32.2/2.5 30.9/1.2 31.6/1.4 30.2/1.6 1-4
526 31.3/2.9 33.5/1.8 32.8/1.7 32.6/2.7 -
554 32.7/2.8 32.3/2.9 32.3/2.0 31.3/1.1 -
sign.*: significant differences between groups indicated
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Table 2: Animal experiments and pathology in: Animal studies
on the mode of action of agents, that are antitransfor-
mers in cell cultures.
WJater consumption (ml cer day per animal)
Data are presented by mean/standard devation.

FEMALES
Week Group 1 Group 2 Group 3 Group 4 sign.*
before untreated DADH irrad. DADH, irrad.
Dav
4 4.3/0.4 4.1/0.4 4.3/0.3 4.2/0.4 -
' 11 4.1/0.2 4.3/1.0 4.1/0.2 4.2/0.2 -
13 4.0/0.3 4.2/0.2 4.1/0.3 4.2/0.2 -
25 3.7/0.4 3.8/0.5 3.9/0.3 4.0/0.2 -
32 4.2/0.1 4.0/0.5 4.2/0.1 4.0/0.3 -
30 4.1/0.3 4.1/0.4 4.3/0.2 4.2/0.4 -
\ 45 4.1/0.3 4.1/0.5 4.3/0.2 4.0/0.2 -
/ 53 1.4/0.2 4.2/0.4 4.1/0.2 4.0/0.2 -
L 60 4.3/0.2 4.0/0.7 3.9/0.2 3.9/0.2 -
? 67 4.4/0.3 4.0/.06 4.1/0.2 4.0/0.2 -
102 4.8/0.3 4.1/0.5 4.0/0.4 3.9/0.2 -
137 4.8/0.2 4.4/0.5 4.3/0.4 4.0/0.3 -
165 4.4/0.2 4.3/0.5 4.2/0.2 4.1/0.1 -
| 207 4.7/0.3 4.7/0.4 4.3/0.3 4.1/0.1 -
‘ 235 4.2/0.3 4.3/0.4 3.9/0.3 4,0/0.2 -
f 263 2.9/0.2 4.2/0.4 3.9/0.2 3.8/0.3 -
291 2.7/0.3 3.9/0.5 3.5/0.4 3.6/0.3 -
319 3.6/0.2 3.6/0.4 3.5/0.3 3.4/0.3 -
347 3.7/0.2 3.6/0.3 3.6/0.2 3.4/0.2 -
z80 1.2/0.4 3.7/0.6 4.0/0.5 3.8/0.3 -
424 4.0/0.3 4.0/0.4 4.1/0.9 3.7/0.3 -
473 5.0/1.0 4.6/0.5 5.3/0.9 4.1/0.4 3-4
501 5.3/1.0 5.3/0.8 6.1/1.5 4.6/0.4 3-4
529 7.3/2.5 6.7/1.8 8.5/2.5 6.0/1.4 -

sign.*: significant differences between groups indicated
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Table 2, cont.: Animal experiments and pathology in: Animal
studies on the mode of action of agents, that are
antitransformers in cell cultures.

WJater consumption (ml per day per animal).
Data are nresented by mean/standard devation.

MALES
Week Grouo 1 Group 2 Group 3 Group ¢ sign.*
pefore untreated DADH irrad. DADH,irrad.
Dav
4.2/0.4 4.1/0.34 4.5/0.23 4.2/0.34 -
) e e -
d 13 4.1/0.3 4.0/0.8 3.8/0.4 3.9/0.5 -
25 2.9/0.5 3.7/0.5 3.7/0.7 3.9/0.9 -
32 4.0/04. 3.7/0.7 3.3/0.3 3.7/0.6 -
39 4.0/0.5 3.7/0.6 4.0/0.3 3.8/0.5 -
46 3.8/0.6 3.6/0.5 4.0/0.3 3.6/0.6 -
53 +.0/0.¢6 3.8/0.7 4.0/0.4 3.7/0.5 -
60 2.8/0.5 32.6/0.6 2.8/0.3 3.6/0.5 -
67 4.1/0.6 2.9/0.6 3.9/0.3 3.8/0.6 -
102 +,1/0.8 2.7/0.6 3.9/0.2 3.6/0.5 -
137 4.1/0.7 3.9/0.5 3.8/0.4 3.8/0.8 -
165 3.9/0.7 3.9/0.6 3.7/0.4 3.8/0.7 -
207 4.5/1.4 4.1/0.4 4.0/0.3 4,2/1.1 -
235 3.9/0.6 4.0/0.6 3.8/0.3 4,2/0.6 -
263 4.1/1.4 3.8/0.3 3.7/0.2 4,0/0.8 -
291 3.6/1.0 3.5/0.6 3.2/0.4 3.4/0.6 -
319 3.4/0.7 2.3/0.4 3.2/0.3 3.4/0.6 -
347 3.4/0.7 3.3/0.5 3.2/0.3 3.4/0.6 -
389 3.5/0.9 3.7/0.6 3.5/0.4 3.8/0.7 -
424 2.8/0.7 4.0/0.9 3.9/0.9 4.,2/0.9 -
47z 4.5/1.2 5.5/1.5 4.8/1.8 5.0/1.6 -
501 5.3/2.0 6.3/2.3 5.3/2.0 5.8/2.0 -
529 6.1/2.7 3.0/3.3 6.1/2.3 7.3/3.5 -

sign.*: significant differences between groups indicated
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Table 3:

JALES

Day

15
22
' 29
36
43
50
57
64
95
204
234
260
288
316
345
386
420
470
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Animal experiments and pathology in: Animal studies

on the mode of action of agents, that are antitransfor-
mers in cell cultures.

Calculatsd DADH uptake (mg DADH/kg bodyweight/day).

Group 2 Group 4
DADH DADH,irrad.
19 20
19 16
15 17
15 15
15 16
14 14
15 15
14 14
15 15
13 13
13 14
12 13
12 12
11 11
10 11
10 10
11 12
12 13
17 16
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Table 3, cont.: Animal experiments and pathology in: Animal

FEMALES

Day

15
22
29
36
43
50
57
64
35
204
234
260
288
3le
345
386
420
470

studies on the mode cf action of agents, that are
antitransformers in cell cultures.

Calculated DADH uptake (mg DADH/kg bodyweight
/day).

Groupn 2 Group 4
DADH DADH,irrad.
23 23
22 27
22 20
20 19
13 19
19 20
19 19
19 18
18 17
18 13
17 lé
18 15
16 14
15 13
14 12
14 12
13 11
13 13
14 13
17 14

kil ———————
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Table 4: Animal experiments and pathology in: Animal studies
on the mode of action of agents, that are antitransfor-
mers in cell cultures.
Haematology data. Data are »resented by mean and stan-
dard deviation.

Term:D Day: 191-193
Parameter Group 1 Group 2 Group 3 Group 4 sign.* 1
ervthrgcytes 4.49 4.18 4.27 4.18 —-- ‘
(107°/1) 0.37 0.25 0.56 0.38 k
mean cell volume, 61.3 60.4 60.4 60.9 — 7
arvthrocytes(£l) 3.2 2.3 3.3 2.4
leuko%ytes 4.7 4.7 5.6 4.5 -—-
(10°/1) 1.9 1.0 4.5 1.0
mean cell volume, 73.3 66.3 68.3 69.5 —_—
leukocvtes (1) 7.7 5.7 7.7 6.1
naemoglobin 15.5 14.8 14.8 14.7 -—
{(g/1) 0.9 0.8 0.5 0.6
vacked cell not measured at this term
volume (%)
differential count (%):
neutrophils 4.1 4.5 4.4 6.0 -
2.7 3.7 3.9 3.4
lymphocytes 93.6 95.0 93.1 93.1 -—
4.2 3.7 6.2 4.0
eosinophils 0 0 0 0 -—
monocytes 0 0 0 0 -——

sign.*: significant differences between groups indicated
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Tanle 4, cont.: Animal experiments and pathology in:
Animal studies on the mode of action of agents,
that are antitransformers in cell cultures.
Haematologv data. Data are presented by mean and

standard deviation.

L

Torm:E Day:366
Parameter Groun 1 Grouo 2 Group 2 Group 4 sian.
erythigcytes 4,37 4.39 4,87 4.78 -——
(107°/1 ) 0.39 0.96 1.96 1.56
mean cell volume, 60.4 60.3 61.8 62.5 -——-
erythrocvtes(fl) 1.1 1.9 2.0 2.1
leuko%ytes 7.21 7.3 7.3 6.8 —-———
(10°/1) 1.0 1.0 1.3 0.8
mean cell volume, 68.38 76.9 82.5 71.3 1-3
leukocvtes(fl) 5.4 8.9 10.5 7.5
naemoclobin 14.2 13.3 13.8 13.4 -
{a/l) 0.4 1.1 0.8 0.5
packed cell 0.24 0.25 0.28 0.28 -
volume (%) 0.02 0.06 0.09 0.10
differential count (%):
neutrophils 5.3 7.1 4.5 5.4 -
5.0 4.2 .3 4.3
lympnocvtes 94.1 91.0 ERE 92.0 -—-
4.9 5.2 +.7 5.0
eoslnoponils 0.6 0.9 0.6 0.9 S
.7 0.8 0.9 1.4
monoctes 0.1 1.1 0.5 1.3 -—-
0.4 1.4 1.1 0.9

szgnificant

differences petween groups

indicated
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Table2 4, cont.: Animal experiments and pathology in:
Animal studies on the mode or action of agents,
that are antitransformers in cell cuitures.
idazematology data. Data are presented by mean and
stancarcd deviation.

Term:F Dav:429
Parameter Group 1 Group 2 Group 3 Group 4 sign.
erythfacytes 3.53 3.32 3.25 3.32 ———
(1077/1) 0.28 0.29 0.35 0.32
mean cell volume, 68.5 68.3 68.0 67.1 ——
arvthrocvtes(£l) 2.0 1.5 0.8 1.5
leukocvtes 8.1 7.5 6.7 7.1 N—
(10°/1) 2.0 0.9 1.0 3.4
mean cell volume, 102.6 95.8 86.0 90.5 -
leukocvtes(fl) 22.9 17.0 12.7 12.4
naemoglobin 14.6 14.1 l14.6 13.3
ta/l) 0.5 0.6 0.9 1.7
sacked cell 0.22 0.21 0.20 0.20 -
volume (%) 0.02 0.02 0.02 0.03
differential count (%)
aeutrophils 7.0 4.9 6.6 4.4 -
2.6 4.4 3.9 5.8
lymphocvtes 91.9 3.3 92.38 94.5 -——
2.9 5.3 4.9 7.3
eosinonhils 0.6 1.3 0.9 1.6 -
0.9 1.0 2.1 2.4
monocytes 3.5 u.6 0.5 0.3 -——-
0.8 0.5 0.5 0.5

sicgn.*: significant differences between groupvs indicated

el s —————————
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Tables 4, cont.: Animal exvweriments and pathology in:
Animal studies on the mode of action of aagents
~hat are antitransformers in cell culcures.
Haematology data. Data are present2d bv mean and

’

p standard deviation.
Tarm:G Dav:473
$ Parameter Grouon 1 Groun 2 Grouo 3 Grouo 4 sign.
eryt%;ocytes 3.64 3.43 3.34 3.14 1-4
(1077 /1) 0.19 0.44 0.20 0.33
mean cell volume, 67.6 67.3 67 .4 66.3 —-———
ervthrocvres(tl) 2.7 2.7 2.5 1.4
leukogytes 5.6 5.6 4.4 6.3 i-4
(107 /1) 1.4 1.5 1.1 1.0
mean cell volume, 32.9 79.9 31.1 34.8 -
leuxocvtes(il) 11.5 6.6 9.8 10.2
naemnoclobin 14.1 14.0 13.5 13.3 -—
(g/1) 0.8 0.7 0.8 1.3
packed cell 0.23 0.22 0.21 0.13 1-4
volume (3%) 0.02 0.04 0.02 0.20
differential count (%):
neutroohills 7.6 5.4 6.5 2.6 -——-
5.7 3.0 9.4 2.8
lymphocvtes 30.8 92.3 91.9 97.4 -
7.0 3.4 10.1 2.8
eosinophlls 0.8 0.5 0.25 -—- -——
1.0 0.5 0.5 -—-
monocvtes 0.9 0.5 1.4 0.4 -——
0.8 0.5 0.9 1.0

sign.*: significant differences between groups indicated

Py A
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Tanle 4, cont.: Animal experiments and oathology in:
Animal studies on the mode of action of agents,
zhat are antitransformers 1in cell cultures,.
Haematology data. Data are »nresent=d by mean and
stancdard devia<ion.
Term:H Dav:50l
Paramertar Group 1 Grouon 2 Groun 3 Groun 4 sign.*
eryth{gcytes 3.53 3.43 3.30 3.24 -—
(1077 /1) 0.40 0.20 0.20 0.23
mean cell volume, 67.3 65.6 67.9 65.8 -—-
2rvtarocvtes(tl) 3.5 1.2 4.4 1.2
leukogvtes 7.4 7.4 6.1 6.1 -—-
(10°/1) 1.6 1.1 1.3 1.3
mean cell volume, £86.9 85.0 8.9 30.8 -—-
leukocvtes(fl) 12.6 3.0 11.8 8.5
haemoaglooin 14.0 14.0 13.4 13.3 -——-
fa/l) 0.9 0.5 1.0 0.3
nacked cell 20.5 19.1 19.1 18.0 -—
voiume (%) 2.9 1.1 1.6 1.6
differential count (3%):
nautronnils 4.8 5.5 5.5 5.5 -—
4.7 3.3 5.6 3.6
lvmphocvtes 94.0 93.5 94.3 93.8 -—-
5.4 4.2 6.0 3.4
ecsinonnils 0.4 0.5 0.1 0.1 -—
1.0 0.8 0.4 0.4
moncocytes 0.9 0.4 0.1 0.6 -—-
0.6 0.7 0.4 1.0

sign.*: significant differences between groups indicated
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Table 4, cont.: Anlmal experiments and pathology in:
Animal studies on the mode of action of agents,
that are antitransformers in cell cultures.
Haematology cata. Data are presented by mean and
standard deviation.

Term:I Dav:536
Parameter Group 1 Group 2 Group 3 Group 4 sign.*
erythfocytes 3.68 3.56 3.62 3.39 -—
(107°/1) 0.28 0.47 0.27 0.33
/ mean cell volume, 65.5 64.8 65.3 64.5 —
3 erytnrecyvres(£1l) 1.4 0.7 1.7 0.53
leukogytes 7.9 6.8 7.5 5.1 1-4
(107 /1) 1.7 2.3 0.5 2.0
/ mean cell volume, 77.5 34.1 80.9 76.9 -
P leukocvtes(£1l) 5.2 10.7 5.9 6.6
? haemoglobin 13.7 13.1 14.0 12.6 -
(g/1) 0.84 2.1 0.5 1.7
packed cell 20.7 19.9 20.1 18.9 -—
volume (%) 2.0 2.5 1.2 1.9
differential count (%)
neutronhils 8.8 6.6 8.4 6.4 -—
3.5 1.6 4.3 5.6
lymnhocvtes 89.5 92.0 90.9 92.9 -———
3.6 4.3 4.9 5.8
eosinonnils 6.5 0.5 0.6 0.4 -——-
0.5 0.5 0.7 0.5
monocytes 1.2 0.6 0.1 0.5 -——-
1.6 0.7 0.4 0.5
1 s1xn.*: s1gnif:cant diiferences between groups indicated
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Table S: Animal experiments and oat

U

Ters in cell cultures.
Yhumber and time of death o
mcribpund sacrifices. Femal

Grouzs 1 (control)

Aninal Day of death
Mo,

J
M1 197
o2 282
€002 338
M 4 414
M5 414
M6 436
M7 434
M8 512
M9 512
M 10 569

: T 1 382
T 2 533
T 3 554
T 4 615

sl A

hology in: Animal
on the mode of action of agents, that are antitransfor-

f spontaneous
es.

Group 2 (DADH)

Animal Day
No.

M 201 31
M 202 113
M 203 351
M 204 432
M 205 484
M 206 541
M 207 554
M 208 554
M 208 555
M 210 562
M 211 532
M 212 583
M 213 589
M 214 598
M 215 618
T 201 358
T 202 613

AFOSR

deaths and

cf death

studies
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Table 5, cont.: Animal experiments and pathology in: Animal
studies on the mode of action of agents, that are
antitransformers in cell cultures.

‘lumber and time of death of spontaneous deatins
and moribund sacrifices. Females.

e

Group 3 (irrad.) Group 4 (DADH, irrad.)
Animal Day of death Animal Day of death
No. NoO.
A 401 283 M 601 149
Mo402 245 M 602 409
J 403 414 M 603 414
M 404 414 M 604 470
3 M 405 114 M 605 491
M 406 414 M 606 526
M 407 114 M 607 562
] M 408 449 M 608 589
/ X1 409 512 M 609 618
} Y 410 515 M 610 618
? 3411 524 M 611 618
M 412 569
M o413 5938
o414 598
T 401 513 T 601 519
T 402 582 T 602 540
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Taple 5, cont.: Animal experiments and vathology in: Animal
studies on the mode of action of agents, that are
antitransformers 1n cell cultures.

HJumber and time of death of spontaneous deatis
and moribund sacrifices. !Males.

Group 1 (control) Groupo 2 (DADH)

Animal Day of death Animal Day of death

No. No.

0101 484 M 301 190

102 491 M 302 358

X103 519 M 203 319

M 304 506
M 305 340
M 306 543
M 307 551
M 308 555
M 309 557

T 101 225 T 301 326

T 102 456 T 302 396

T 103 540 T 303 456

T 104 551 T 204 456

T 105 551 T 305 509

T 306 523
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Taple 5, cont.: Animal experiments and pathology in: Animal
studies on the mode of action of agents, that are
antitransformers in cell cultures.

Numper and time of death of spontaneous deaths
and moribund sacrifices. Males.

Group 3 (irrad.) Grouo 4 (DADH, 1irrad.)
Animal Day of death Animal Day of death
No. No.
M o501 204 M 701 143
" M 502 444 M 702 414
M 503 485 M 703 536
M 504 512 M 704 536
X505 533 M 705 537
M 706 537
. M 707 540
/ M 708 541
P M 709 554
M 710 557
? M 711 662
M 712 662
T 501 484 T 701 400
T 502 484 T 702 425
T 503 505 T 703 540
T 304 505
T 505 531
T 506 540
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Tanle 6:

Tners

Animal experiments and pathology in:
on tne mode of action of agents,
in cell cultures.
Animal ooservation.

that

AFOSR

Animal studies
are antitransfor-

Jata are presented bv number and sex of affiected animals

'Dav of observation

\
!

Tinding Groun 1 Groun 2 Groun 3 Groun 4
Cannibalism I m (57) some m (3) --- 1 £ (3)
victinms 1 m each Il m (15}
{15, 22,
29, 237)
some m (45)
1 £ (15)
Alovecia some £(57, some £(57, some f£(43, some £(50,
95, 101, 64, 71, 78, 101, 57, 39,
127, 204, 101, 127, 127, 204, 101, 127,
234, 260, 202, 234, 234, 260, 204, 234,
282, 317, 260, 238, 288, 317, 260, 288,
331, 3453, 317, 3453, 331, 345) 317, 331,
386), some 394), scme some m(57, 345), some
m{l1l27,228, m(43, 57, 101, 127, =o(57, 81,
317, 331, 78, 101, 204, 260, 101, 127,
245) 127, 204, 288, 317, 204, 234,
224, 260, 321, 345) 260, 288,
263, 317, 317, 331,
331, 345) 3245)
S<in ulcer 1 20372, -—- 1 £(346), 1 £(400)
2 £(379), 1 £(356), 1 £(408)
1 £(386) 2 £(372),
2 £(379),
2 £(386),
1 £(400),
2 £(408),
2 £(410),
1 m(372),
I m(415)
Tai1l, thickened -~- some m (22} -——— 1 m(50)
foad, <hickened 1 w300 -—- -—— I mi224)
m(327)
Limps lame LoSdngd) - 1 £(408) -—
1 £{436;
Jacnenia - - -~ 1 m{7L1)
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Table 7: Animal experiments and pathology in: Animal studies
on the mode of action of agents, that are antitransfor-
mers in cell cultures.
Necropsv findings of scheduled sacrifices.
Data are presented by number of affected animals.

inding Groun 1 Groun 2 Group 3 Group 4

32, 34, 225, 245, 432, 437, 636, 641
40, 48, 246, 247, 440, 443, 643, 653,
57, 60, 248, 251, 447, 454, 658
63, 68 253, 255, 457, 460,

256, 257, 462, 466

Sy Nl o
[CS IRV e TR

-

’ 250, 252,
265
Liver, white 2%, 33, 26 232, 234, 430, 433, 630, 633,
foc: 37, 39, 40, 239, 241, 434, 436, 634, 636,
41, 43, 45, 242, 243, 438, 440, £39, 641,
/ 48, 51, 55, 244, 245, 341, 442, 642, 643,
b 57, 53, 66 246, 247, 433, 444, 644, 645,
] 249, 250, 145, 446, 646, 647,
: 252, 253, 451, 453, 649, 631,
254, 25¢%, 455, 456, 654, 655,
256, 257, 458, 461, 659, 661,
} 258, 2€6:Z, 465 5663, 664,
266, 257, 666, 667,
268, 269 663, 669
Liver, mass - - 457 650, 705
Liver, larre - 263 -— 658, 706
3plean, dar 13 2628 447, 463 -—-
Zoc!
snleen, large 46, 58, 61 259, 261, 527, 445, 642, 653,
55 265 457, 459, 658, 663,
453, 462, 668
1606
Xidnev, cvsts -——- -—— 501 -——-
Xidnev, unilat. --- -— -— 702
anlas:ia
Zidnev, unilat. --- -—- 507 -—-
avoonlasia
' ThYTUS, lange n e -—- -—— 614, 606
lesn~2rv, mass 53 -—— 464 -
22r1Tnitis ——— -——— -——— 703
>nron
virss, Tmass - - 463 -—-
a A e
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Table 7, cont.: Animal experiments and pathology 1n: Animai
studies on the mode of action of agents, =that
are antitransiormers in cell cultures,.

Necrovsy findings of scheduled sacrifices. Data
re dresented bv number of affected animals.

Findlng Croupn 1 Groun 2 Group 2 Sroup 4
Seneral, anemia --- -——- 409 -
General, obesiatas --- -— -——- 708




!III'I-IIll---I-j’---.----'--'-—---.--'-—-t

- 33 -

Table 8: Animal expveriments and vathology in:

ners in cell cultures.

e e g

AFOSR

Animal studies
on the mode of action of agents, that are antitransfior-

lecropsy findings of moribund sacrifices and

snontaneous deatis.

Data ares »resented bv number of afrfected animals.

Finding Grouon 1 Group 2 Group 3 Group 4
SENERAL
Cachexia M2, MS 1201 M409 -
Anasarca M8, T104 M206, 4304 T506 -—
M307, T202
Lymen nodes M4, M6 1201, 210 M404, 4405, M603
large M40C6, M410,
1414
SKIN
Alovecia M1, M2, M3, M202, M210, M402, M405, M6l4, M702,
M5, M7 215, M201, M407, M408, M702
X207, T201 409, M501
Ulcer M4, MS, M7, M207, M208, 404, M405, 1603, M604,
M101, 4102 213 M406, M407, MT702
412
Subcut. tissue M2, M7, M10 M203, 4207, 4402, M410 M601, M702
nass M303, M309
Subcut. apscess M5 204 - -
Preputial gland 102 - - —_—
large
Clitoral gland M12 - - -
large
THORACAL CAVITY
serous content --- M201, T201, M408 -
T202
ilemcrrhage T102 -~ - -—
Mass -——- -——- -— M602
ABDOMINIAL CAVITY
Asciz2s -—- T202 -—— -
NIESENTERY
Zvyst -— - M4038 -———
Mass -—- -——— ME032 -—-
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Table 8, cont.: Animal experiments and pathology in: Animal
studies on the mode of action of agents, that ar-z
antitransformers in cell cultures.

Necroosy findings of moribund sacrifices and
scontaneous deaths. Data are presented by number
cf atffected animals.

Tinding Groun 1 Groun 2 Group 3 Group 4

SMALL IMTESTINE

HMeteorism - M205 —-——- -——
Intussuscepticn --- M302, T304 M502 ~—
ass M7, M10 2214 M408 MG07, M6la
ADRENAL
ass -— M213 -——— -——
XIDNEY
light vellow M6 M205, M207, M406, M503 M608, M709,
M212, M307 4710, M711
Mass -— -— 1408 -—-
large -— 307 - M604
LIVER
large M7, M13, 4209, M211, --- M607, M6l4,
1102 M204, 1308, M703, M704,
13069 M711
lass - M213 M503 M6Q7, M712
white foci 12, M13, M209, ™M213, M403, 410, M703, M704,
T102 M305, M206, M413, T401 M707, M708,
1208, M309 M709, M710,
M711, T703
OVARY
Cvst M2 —_——— M413 -—
Mass M7, M11 M215 M408 M607, M6CS
UTERUS
ass M7 - —_—— -
SPLEEN
iarge M1, 2, M4, M201, M20, 402, M404, M602, ¥M607,
ME, M7, 10,M2C3, M264, M405, 406, 1708
Mlo2, 4103 M209, 214, 407, m408,

40/
#2115, M301, 50l
2302, 203,
V304, M305,
T201
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Arlmal experiments and pathology 1n: Animal
stucies on the mode of action of agents, that are
an<itransiormers in cell cultures.

Necroonsy findings of moribund sacrifices and
spontanecus ceaths., Data are presented dy number

2f a2ffected animals.

Finding Srouo 1 Sroun 2 Groupn 3 Group 4
HEART
large - T201 1403 -—
Hass M2 -—— -——— M602, M712
THYMUS
largn Md, M7, M10,M201, M402 --- -

103
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Table J: Anrmal experiments and pathology in: Animal
studi=2s cn =Zh=2 mode of action of agents, that are
antitransiormers 1n cell cultures.
Yistopachelocy findings. l!eoplastic changes.
2273 are nresentec ov number of arfected animals.
Tindiag Sroun 1 Group 2 Group 3 Grouon 4
5PLZEN
talignant M102 M205,M209, M503 1M703,M707,
lvmphoma 211 ,M213, M710,M712
lvmphocvtic 215,M304,
T305
“alignant 136,152, M201,M202, 424,436, 653,722,724
1lvmphoma i1, M4, M5, M204,4301, 442,527, 733,M601,
mixed cell »7,M10,1101,8M2302,M203, 531,532, M606,M702,
—vne MLG3 T201,7T302 M401,2402, M704,T701
Ms03,M404,
1405,M406,
M407,M410,
Md411l,6M501
Malignant 1352 -——- 453 -——-
lymphoma
nisticcytic
Hemangioma - T306 -—— 767
THYMUS
“alicnant M7,M101, 232,4201, 425,447, -——
lymphoma M103 M208,M301 539,M407,
mixed cell M501
tvne
XIDNEY
Malignant _—— M201,M301, M406,M501 M606
lymonoma NOS T305

LYMPH NODES
Malicgnant
lymphoma
lymohocytic

“ilall3nanc
L mphoma
nlixed cell

-
e

S MANDIB.
Mallanant
L/mphoma

mixed co2ll

~voe

152,117
M10

M207,M210

M503

572,573,
M403,M405,
4306 ,M414
M4l

U, S
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Tavle 9, cont.: Animal experiments and pathology in: Animal
studies on the mode of actilon of agents, that are
antitransformers in c~ll cultures.
Histopatnolocy findings. NWeoplastic lesions.
Data are »resented bv number of affected animals.

Findinc Groun 1 Groun 2 Group 3 Group 4

LIVER

HJemangioma -—— 305 -—- M708,M712

Hemangiosarcoma -—--- t1213 - 748

Maliagnant -—— 206,M211, M409,M503 160S,M610

lvmonhoma “1204,M4309

lympnocvtic

“alignant -—— M301 401,402, 722,4606,

lvmohoma M403,M411, MeO7

mixed cell M501

tvoe

Adenoma - - -—— 650

hepatocell.

Carcinoma -—— ~—- -——— M602

hepatocell.

LUNG

Carcinoma NOS, —--- -— -—— 712,771,

metastatic M602

TISSUE XNOS

Hemangioma - - -—— M705

Malignant -— -— -—— M601

lympnoma NOS

Sarcoma NOS _—— - M401,M402 -——-

PALCREAS

salignant -— - 527 -—

lymphoma NOS

OVARY

Granuleosa cell —--- - ~— 607

Tumor senign

SMaLL INTESTINE

Mdaliznanc - - 463,464 -

ly/mpnoma HCS

adenccarcinoma 12 -—— -—— -

sarcoma NGs -—- -—— 1408 -——-
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Table 9, cont.: Animal experiments andé pathology in: Animal
studies on the mode of action of agents, iat ara?
antitransformers in cell cultures

3 Histopathology findinags. leoplastic lesions.
Data are presented by number of afiected animais.
Finding Groun 1 Groun 2 Groun 3 Sroun 4
UTERUS
Leiomvosarcoma M7 -— -—— ——
TYE, LID
Chondroma -——- -——— M403 -——-
SKIN
sSguamous cell —-——— -—= -—— 702
Tarcinoma

The abbreviation NOS means not otherwise snecified.
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Tanl=2 19: Aanimal experiments and pathology in: Animal
studies on the mode of action of agents, that are
Anzitransformers in cell culuurus.

ilstonatnology rfindings. MNon neoplastic lesions.
23<3 are oresented Dy number of afiected animals
\Scor=). Scoring scheme s. Table 12.

Sinding Groun 1 GSroupn 2 Group 3 Group 4

S2LIEEN

Lwmonnoid 117(3), 221(2), 420(2), 620(2),

hvoernlasia 245(2), 501(2), 709(3)

305(1), 526(3)
308(1),
314(2),
325(3)

Lvmchoia 16(3),43(3),217(3), 403(2), 711(2),

deolezion 52(1),64(3),223(3), 451(1), 737(1),
123(3), 226(3), 466(2), 745(2),
125(3), 230(3), 513(3), 747(2),
137(2), 2a1(1), 523(2), 749(2),
148(1) 246(1), 546(2), 756(2),

248(1), 547(2),
249 (1), 550(2)
345(2),
349(2),
350(2),
M212(3),
M305¢(3)

Hematopoliesis 9(3),14(3), 217(3), 403(2), 603(3),
16(3),20(2),219(1), 405(3), 604(1),
22(4),23(3),223(3), 418(3), 609(2),
24(2),28(2),226(3), 453(3), 658(1}3),
60(1),64(4),227(2), 459(4), 663(3),
67(3), 228(2), 462(1), 574(2),
102¢(37, 255(2), 502(3, 701(3),
102(3), 259(2), 510(3), 704(3),
104(1), 261(3), 511(2), 707(4),
113(3), 262(2), 513(3}), 711(3),
122{(4), 266(1), 520(2), 719(2),
123(2), 301(2), 523{3), 721(3),
137(2), 314(2), 537(2), 723(3),
140(3), 316(3), 539.4), 737(2),
145(2), 320, 545(3), 739(3),
156(3), 225(2), 553(2), 742(4),
158(1), 304(2), 555(3), 748(3),
162(2), 349(2), :56(4), 750(3),
MB{(2),M9(2),331(1), 8(2), 753(3),
MIQL(2), 332(2), 560(2), 754(2),
1102(2) 354(2), 561(3), 755(1),

356(2), 568(2), 756 (47},
357(2), M412(2), 753(2),
356(4), M502¢(2), 760(2),
361(2), M503(4), 761(2),

el I




Table 10, cont.:

- 40 -

AFOSR

Animal experiments and pathology in: Animal

studies on

the mode of action of

agents,

that

are antitransformers in cell cultures.

Iistovathology findings.
Data are nresented by number of affected animals

Non neoplastic lesicns.

{Score). Scoring scheme s. Table 12.
Finding Group 1 Group 2 Group 3 Group 4
Jematonoliesis 362(3), M505(3), 762(1),
cont. 364(2), 763(1),
365(3), 764(2),
3e6(l), 765(2),
207(3), M608(1),
M210(2), M701(2),
M306(2), M706(1),
M3209(3) 4708(3),
714(3),
744(5)
Hematocyst - -—— 569 —-——-
THYMUS
Lymphoid 52(1) 238(2) 425(4), 673(3)
depletion 437(2),
521(2),
Lymphoid - 261(4) - 639(2)
hvoerplasia
Cvst 13,27,32, 223,233, 439,452, 639,640,
34,36,37, 239,244, 454,462, 645,647,
39,41,49, 246,264, 466,467, 649,650,
50,51,57, 268,316, 517,522 652,654,
62,68,121 318, 319, 655,660,
271 662,666,
672
SKIN
Abscess, subcut.M7,M12 M309 ——- M601
Dermatitis, M7(4), M203(4), M303(4) M6C4(4)
chronic, M101(4), M204(4),
ulcerative M102(4) M213(4),
M202(4)
Dermatitis M5(3),M102  --- 23947, -—-
chronic active M404(4)
Derma<titis - -—— M403(3), M603(4)
chronic 1405(3),
M406(3)
da ollicle -—— -— M402(3) -——-

G4 - £
ir €
itroony
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Table 10, cont.: Animal experiments and pathology in: Animal
studies on the mode of action of agents, that
are antitransformers in cell cultures.
Histopnathology findings. Non neoplastic lesions.
Data @ prasented by number of affected animals
(Scorz). 3coring scheme see Taple 12.

Pinding Groun 1 Groun 2 Groun 3 Group 4

HEART

Myocardium -— T202(3) -— -——-

deceneration

KRIDNEY

Amyloid M6 (4) 206(4), M408(4), M606(3),

deposit M9, M M205(3), M413(3), M608(3),

T4(4), M207(3), M503(3), M707(3),
T104(3) 1M208(3), M505(3), M708(3),
M210(3), T402(3), M709(3),
1211 (4), T504(3), M710(3),
M212(3), T505(3), M711(3),
1213(3), T506(3) M712(3),
1215(3), T703(4)
M304(3),
1305(4),
M306(3),
M307(3),
M308(3),
T202(3),
T305(3)

Inflammation _— M305(2) M408¢() M608(2),

interstic. M307(1) M712(1)

chronic

Hydronephrosis M101(4) - -——- -—-

Papillary _— M212(3) M408(2) -—-

necrosis M307(2)

Tubuli -— —— - M711(3)

cytoplasmatic

alteration

Tubull -— M307(2) -——- -—-

dilatation

Tuopuli - -—— T402(1) -

mineralzation

Tupuli T104(3) n305(2), ¥604(1), M708(1),

orotein casts M307(2), T504(2) M711(2),

T305(2) T703(2
ADRENAL GLAND
Amyloid dencsit --- —— 573(3) -—-
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Taol2 10, cont.: animal exveriments and pathologvy Animal
studies zhe mode of action oI agents, :thac
are antitransformers 1n cell cultureas.
listopatihology findings. lon 1éoplast1c l=2sions.
Data are oresentnd bv numper of aifected animals
(Score). 3coring scheme see Taplie 12Z.

Finding Groun 1 Sroun 2 Sroun 3 Groun 4

LACRIMAL GLAND

Tnilammation M10(4 - - -

acuta

LIVER

Cvtoolasmatic -—- -—— 571(3) -——

alteration

Focal cellular --- M305(3) M412(3) ——

change (baso»nh.)

Focal cellular --- M215(3) -—- -——-

change {(eosinoph.)

Necrosis 6(2), 234(3), 433(3), 1605(2),

focal Ml3(3), M209(3), 434(3), M607(3),

T103(3) M213(3), 571(3), M608(2),
M304(3), r1408(3), M703(47),

11306(2), M409(2), M704(3),

11303(2), i1410(2), M706(J/,

M309(3), “1502(3), M707(2),

T304(3) T402(3), M709(3),

T502(2), M710(3),

T503(4) M711(3)

Cvtoplsmatic 116 (3) -— -—— -

vacuolizaticn T103

OVARY

Amvloid -—— T305 -—- -——

ceposit

Cyst M3 M305 M412 -——

Hematocyst 53 M215,T205 -——- -——-

SMALL INTESTINE

Amyloid -— -— M408(4) -—

cdeposit

Intussuscentzion ---~ 202 M502 -———




Taple 10, cont.: Animal experiments and patholoay 1in: Animal
studlies on tne mode of action of agents, zhnat
are antitransformers i1n cell culturas.
distonathologv findings. lon neoolastic les.ons.
Cata are vresaented bv number of affected animals
{(Score). Scoring scheme see Table 12.

Finding Groun 1 Sroun 2 Groun 3 SGroun 4
UTERUS
Amvloid _— _— 468,408 _—

denosit

Zndometrium -——-
cvstic hypernlasia
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"able ll: Anlimal experiments and oa*10¢ogv in: Anlima.
studies on the mode of action of agents, rhat are
an tltransforwe*“ in cell cultures,
Yiztopatholocy findings. Survey of the incidence of
reonlasstic lesions.
Findinz Number of affected animals 1n sian.”
Groun 1 Group 2 Group 3 Group 4
Animals with a 11 23 26 24 1-2,1-3,1-4
n2onlasm
Malirnanc 13 21 25 16 1-2,1-3
ivmoncma, total
Qtner neonlasnms 2 3 4 9 -—
~o=zal
SPLEEN
Hemangioma 0 1 0 1 -——
talignant lympnoma z 7 1 4 1-2, 2-3
lympnocy=-ic
Malignant lymphoma 9 5 16 9 -———
n1xed cell tvoe
Malignan% lyvmphoma 1 0 1 0 -——-
nalstiocysic
THYMES
Malignan% lymphoma 3 4 5 5 -——-
mixed cell Lvo
JIDUEY
talignant lymphoma 0 3 2 1
N0S
LYMPH NODES
ftalignant lymphoma 4 2 6 1
mixed cell type
Malignant lvmphoma 0 0 1 0
lymphocvtic
SL. MANDIBULARIS
Malignant lymphoma 0 0 1 0
nixed cell tvyoe
313n.*: significant differences between grouos indicatad
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Table 11, cont.: animal experiments and pathology in: Animal
studies on the mode of actlion of agents, that
are antitransformers 1n cell cultures.
Histonathology findings. Survey of the inciden-
ce of neonlastic lesions.

Finding Number of affzcted animals in :
Groun 1 Grouo 2 Groun 3 Group 4

LIVER

demanagiona 0 1 0 2

iemangiosarcoma 2 1 0 1

Maliagnant lvmdnoma 0 4 2 2

lymonocvytic

Malignant lvmphoma 0 1 5 3

mixed cell type

Henatocellular 0 0 0 1

adenoma

Hepatocellular 0 0 0 1

carcinoma

LUNG

Carcinoma nNOS, 0 0 0 3

metastatic

TISSUE NOS

Hemangioma 0 0 0 1

Mdalignant lymphoma 0 0 0 1

50S

Sarcoma NOS Q 0 2 0

PANCREAS

Malignant lymphoma 0 0 1 0

NOS

JOVARY

Granulosa cell 0 0 0 1

tumor, benign
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Animal experiments and pathologv in: Animal
studles on the mode of action of agents, that
ire ancltransiormers in cell cultures,.
Histopaztholoqgv findings. Survey of the inciden-

ce of neonlastic lasions.

‘lumber of afrfected animals in
Grouo 1 Group 2 Grous 3 Groud 4

SMALL INTEISTINE

“taliagnant lyvmohoma 0 0 2 0

HOS
Ndanocarcinoma

Sarcoma NOS

lomyosarcoma

UTERUS

iomy
EYE, LID
Zhondroma

KIN
guamous cell
arcinoma

() Ui U,

33 0 0 o
0 9 1 0
1 v 0 0
0 0 1 0
0 0 0 1
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able 12: Animal experiments and pathology in: Animal studies

on the mode of action of adents, that are antitrans-
formers in cell cultures.
Scoring scheme orf Nistovathology findings.

Score VYerbal descrintion
1 minimal

2 mild

3 moderate

4 marked

5 severe

%
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i3ure l:Animal experiments and pathology in: animal

on the mode of action of acents, tnat are an
mers in cell cul:tures.
Bccdy welchz, nales.
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flzure 2:Animal experiments and pathology in: Animal s
on the mcde oI action of agencs, that are an nsIor-
mers in cell cultures.
Body weight, Zemales.
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consumption

g/day

vatel

rAnimal exneriments and pathology in: Animal stud
“he node of action ©f agents, tlhat ar=2 antitr
rs 1n cell gultures.

2r cconsumtion, males.
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Tiqure 4:Animal exoperiments and vathology in: Animal stucies
on the mcde of action of agents, that are antizransfocr-
mers in cell cultures.
Water consumption, fenales.
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ure 5:Animal experiments and patholeogy in: Animal studies

daitlmals

ol

[CTO

on the mcde of action of agents, that are antitransfior-

mers in cell cultures.
Total number of animals in study, males.
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gure 6:Animal experiments and pathology in: Animal studies
) on the mode of action of agents, that are antitransfor-
! mers in cell cultures.

Total number of animals in study, females.
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Jure 7:Animal experiments and pathology in: Animal studies
sn the mode of action of agents, that are antitransfor-
mers in cell cultures.
Number of animals with malignant lymphoma at typical

Davs.
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LYMPHOCYTE SUBPOPULATIONS

The regulation of an induced immune response occurs by the inter-
action of different lymphocyte subsets. In the absence of one of
these necessary cell subpopulations the circuit is interrupted
and a deficient immune response will take »nlace. Recently Jerne
Jointed out that the immune system in its ability to respond

to anticen is complete, even when 90% of svecific antibodies

are lost. In mice, 100 rad ionizing radiation can decrease :he
nerioheral lymphocyte count up to 25%. However, if the lymphocvte
subsets have the correct cellular composition error free immune

reactions can occur.

Viaws on the immunological consequences of radiation damage are
stil]l controversial because multiplicity of lymphocyte subsets
and factors are recuired for immunoregulation. The radic-sensi-
tivity of heloer T cell subponulations has been determined but
that of suporessor T cells is unknown. It is also unknown whe-
~her or not precursors of helpers and suporessor T cells nave
“he same radio-sensitivity. The radiation induced impairment of
specific functions cof lymphocyte subsets appears to be an impor-
tant factor in the immune su2pression and in the pathogenesis
of viral infections, especially in immune deficient and auto-
immurne diseases as well as in carcinocenesis. Cytotoxic lyvmpho-
cvtes are believed to nlav a crucial role in the development

of immunity %o virus infa2ctions und -“umors.

Differentiation of lvmdohocviic subnopulations
nh

hocytic subhnonulations were investigated after ication

pol
£ 1 mM 2-¥MBA/4d and 1 Gy 60-Co-gamma radiation and apolication

o
of 1 mi DADH/d and 1 Gv 63-Co-gamma radilation.

ozal T celi (Pan 7) oorulation in spleen cell suspensions
was identifiad 1in 3 direct lLinmunoifluocorescence -Zest using the

monoclsnal antibcedy anti-Thv 1.2 PITC (Becton-Dickinson). Soleen
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cell susopensions »repared to 107 cel ml 1n Ccytotoxiclity me-

/
dium (Cedarlaue) were incubated at 37°C for 60 min duc
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vackground Zlucrescence due to unspecific binding. Afte ri-
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fucation, the cell sediment was incupbated with lO/ul anti-Thy
1.2 FITC at 4°C for 30 min. After incubation, cells were washed
twice with PBS and :then susoended in a solution of PBS and poly-
vinvlalconol in glvcerol. Five to 10 ,ul of cell suspension were
dropned onto slides and examined for vpercentage of fluorescent
cells. Suporessor/cytotoxic T cells were differentiated by anti-
Lvt 2 antibodv (Becton Dickinson). Fcr experiments with 3 MBA, a

direct tast was oerformed using the FITC-conjugate of anti-Lyt 2.

ince the fluorescence of cell membranes was very dim an indi-
-act test was nerformed in the experiments done with DADH;
inst2ad of Zhe PITC conjugate, bdiotinylated anti-Lyt 2 was used.
fe2r 30 nin incubation and the washings of cells, Avidin FITC
(l/uq/IOG cells) was added and cells incubated for further 30

min. Further opreparation was the same as for direct tests.

B cells were stained by anti-mouse Igh + M (Becton Dickenson)

FITC in a direc%t test using lOO/ul of 1:20 diluted antibody.

1 m 3-MBA/d administered on 5 consecutive days did not show
any effect on <he percentage of Pan T cells, suppressor T cells
and B cells (table 1}, three days after termination of treact-
ment. 60-Co radiation of 1 Gy caused a significant drop in the
Pan T cell nonrnulation, a small diminuation of suporessor-cytoto-
xic T cells, which was statistically not significant (table 1),
eft B cell rates unchanged. The combi.sation cf 1 mM 3-MBA/d
and 560-Co-camma radlation signals an influence of 3-i“BA on the

-~

balance of lymphocytes: Pra2treatment with 3-MBA of irradiated

1

o
animals oreveantad fne tion cf T cells bv radiat.cn to a

r c
si7nificant extent, and showed %“he *tendency -0 render also sup-

mressor-cvioteoxie T zell values <o ncermal rates {(taple 1).
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fanle l: Lvmnhocvtic suboooulations; C57 bl mice treated by
3-BA 1 mM/%ka/d and 1 Gy 60-Co-gamma radiation;
variance analysis, siinificance = 5%,
factor A: control (1), 3-MBA (2), irradiation (2),
3-MBA + irradiation  (4)
AlIOVA RANKV 1 2 3 4
San T 0.000 0.0001 m 32.5 32.4 20.8 36.2
+ + S 7.0 6.0 4.5 4.5
n 10 10 10 10
3 <1, 4 > 3, differences significant
Sunpr/Cynotox 0.0017 0.0031 m 13.3 14.7 10.4 13.3
+ - S 2.4 2.1 2.1 2.6
n 9 10 10 9
3 <1, difference significant
B 0.0377 0.0922 m 54.3 50.3 58.7 49.5
- - s 8.6 4.6 9.6 6.5
n 10 10 10 10

The same tendency could e observed with DADH {table 2): no
2ff2ct corf DADH when applied on five consecutive days, a signifi-
cant droz of Pan T cells three davs after irradiation, a small,
Dut 3-zatistically not significant increase after combined treat-
ment In comparison with animals only irradiated without DADH
Dretreatment. The small B cell values observed (table 2) with
~he last series of exneriments could be attributed to the fact
“hat male animals were used, while only females nad been used

Inr 21l other exv»eriments,
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Tanlz2 2: Lvmphocvtic suppopulations; C57 bl mice treated with
I mi/Rg/d DADH and 1 Gv 60-Co-gamma radiatcion;
variance analvsis, significance = 5%,

Zzctor A: control (1), DAH (2), irradiation (3)
ohall o+ irradiaticn (4

’

ANOVA RANKV 1 2 3 4
Pan T 0.0223 10,0668 m 29.1 27.0 23.3 25.7
+ s 3.7 4.3 4.6 3.7
n 10 10 10 10
3 <1, differences significant
Suopr/Cytotox 0.3099 0.3809 m 11.9 11.0 9.7 12.1
- - s 3.6 4.1 3.2 3.6
n 9 9 9 9
no significant difference
3 0.5455 0.2278 m 40.3 40.8 40.1 36.1
- - s 9.3 7.6 7.2 7.7
n 10 10 10 10

no significant difference

An asnect of radiovorotection 2-MBA on tne immunesvystem during

radiation therapy see enclosure 4.

In the long term experiment lymphocyte subsets were investigated

over the whole life span of C67 bl mice.

The results obtained on the number of Pan T cells, suppressor-

crtotocxic T cells and B cells are 1llustrated in figures 1-3.

Thev arz submitted -0 tne Iollowing statlistical analysis: First-
0 our testarcuns were compar=2d with one another
of ivestigation. N cnificant diffe-

s o si
rence 2ezween “estaroups could be estaplished at a significance
a s of lanvestiligations
opo

opozulaticn. Siace

>inificant differences wera found b2tween various Zarms of
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significant negative correlation between the number of Pan T
cells and suopressor/cvtotoxic T cells and the age of the ani-
mals was =2stablished.

Pan T cells - coefficient of regression = - 0.00655

supnrassor/cvtotoxic T cells - ~"- - 0.01213

significance level 5%,
No significance was found for the percentage of B cells.

Thase findings are in good accordance with the data of Hiroxkawa
et al. (Gerontology 30 (1984) 223-233). The latter found a pro-
nounced age related decrease in T cell mediated immune functions,
while B cell activities showed no age-related change. At the
very end of their life-span (670 days), animals showed an
increase in the percentage of Pan T cells - an effect that was
also observed by the Japanese authors for the mixed lymphocyte

reaction.

In any case no effect of the test substance on lymphocytic sub-
nopulations couldé be observed, although DADH showed a slight
effect on the ra2-establishing of lymnhocyte subsets in the short-
term experiments. This results mav by attributed to the fac:

that within the short-term exneriments subsets were 1lnvestigated
three davs after irradiation, whereas in the long-term investi-
Jations the first samolinc tcok nlace seven days after irradia-

t time lvmohocytic subsats orobably have already

a
redressed their “alance.
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( figure 2 )
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NATURAL XILLER CELL ACTIVITY

Natural xiller (NK) cells capable of spontaneous lysis of tumor
cells, and killer (K) cells that can lyse antibody-coated target
cells have peen ZJemonstrated in many species. Much attention

nas been focused on these cells because of their »ossible role

o the elimination of tumors and virus-infected cells. Although

Fee

<,
AN

N¥ and X cells have been characterized as "non-T, non-B cells"

’

(@]

because thev Are nct gensrated in the thymus and do not express

r3

the usual array of and B cell surface markers, their cell
lineace remains an enigma. In mice natural killer cell activity

ceclines several weexs after birth.

ells were YAC-1 cells obtained from FLOW {Moloney virus
ed lymphoma). S.lOG/ml target cells were labeled with
5 Cro, (spec.act. 459 mCi/mg) using lOO/uCi/ml at 37OC, for
1 h. After two washings, 4.104 target cells were mixed with
effector cells at the ratio 1:25, 1:50 and 1:100 in a total of 2
ml complete medium (= RPMI 1640, 20% fetal calf serum, 100 U/ml
nenicillin, lOO/ug/ml streptomycin, 292/ug/ml L-glutamine
5.10

of C57 Hl mice that had been irradiated by 1 Gy 60-Co with/wi-

~

%M mercaptoethanol). Effector cells were spleen cells

thout anpnlication of DADH (groupms III and IV). The test was per-
formed 17 davs after irradiation. Lymphocytes were obtained

afcer Ficoll-Uroarafin centrifugation of soleen suspensions.

. , o. . .
Tarcet and responder cells wera incubated at-37°C in 5% CO

2
aumidifiad incubator for 3 h., Aft2r 5 min centrifugation at
S1.,

3000 rom, 100 ,ul were removed from each supernatant and Cr

/ <

activityv determined in a gamma counter. Spontaneous DlCr-release
was measured in supernatants of YAC cell suspensions :hat had
Deen incupbat2ed without eifector cells for 3 h. !Maximum release
was counted af<er t“reatment of 4.104 target cells with 5% solu-
“icn of sodium laurvlsulfate for 5 min, followed by agua dest

anad sedinentation of cells bv centrifugation at 3000 rom. Percent
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steciiic Cr-release was cdetermined by the formula:

is 2xnerimental release - spontanecus releas= 100
maximum release - soontaneous release )

Results: Treatment of animals by DADH ver se did not cause any
significant difference in natural xiller cell activity (Tab. 1).
“When DAH was apnlied together with irradiaticn, 1t restored
natural kxiller cell activity to almost normal values (Tab. 1)

two weeks after irradiation. A further follow up of NK activity
d¢id not seem useful, since 1t i1s well established that NX cells
subside to undetectable levels in adult mice beyond 12 weeks

of age (Djeu, J.Y¥. et al., J.Immunol. 122 (1979) 182). The above
mentioned results could e reaffirmed with a second group of
animals {(Tab. 2): in this second experimen* all three ratios
{1:100), 1:50, 1:25) nrocducecd different means for groups III

and IV. But only the difference for the highest ratio (1:100)

was statisticallyv highly significanct. The generally higher values
of experiment 2 are due t¢ the fact that a new charge of YAC-1

. : 51 . .
cells was used which showed much better Cr-labelling.

Table 1: Natural killer cell activity determined by spontaneous
Cr r=2lease from YAC-1 target cells; target: effector cell
ratio: 1:100, tes<s were »nerformed 17 days after irradiation.

3 SlCr—release

aroun I II I1II v
animal 1 19.5 13.6 4.1 14.1
animal 2 10.3 11.2 3.0 12.7
animal 3 20.8 23.7 5.0 7.7
animal 4 14.7 13.9 1.4 9.5
animal 5 15.3 2.5 2.7 8.1
T 7 Trr T A111 T S

13.3 + 4.2 14.4 ¥ 5.5 4.4 + 2.9 10.4 + 2.3

ft--=2sT: m < n - ? < 0.1%, difference signiiicant
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Tabple 2: Natural killer cell activ
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lease “rom YAC-1 target cells 1

s

ACr-release

aroun III

ratio 1:100 1:50 1:25
animal 1 15.7 14.4 10.9
animal 2 19.4 4.1 11.3
ainimal 3 16.7 15.3 n.d. («<1)
animal 4 20.1 14.8 14.3
animal 5 19.5 19.2 7.1

m = 13.3 Mo, = 15.6 m = 13.5
I I
111, I, 1115
s.d ¥1.9 +2.1 +2.8
3Cr-release

group v

ratio 1:100 1:50 1:25
animal 1 31.4 18.3 14.4
animal 2 54.5 41.7 31.6
animal 3 29.5 16.3 16.2
animal 4 43.1 10.7 n.d.(<l)
animal 5 26.9 14.1 8.8

m, = 37.1 m, = 20.2 my, = 17.8

s.4d +11.5 ¥12.3 +9.8
(=-test: mIIIl < mIvl , P < 0.05%, difference highly significant)

It 1s orf special interaest, that in the combined group (IV) the
MXoactivity 15 much higsher comparad to the irradiated grouo

CIIID.

s A -]




AFOSR

POLY (ADP-RIBOSE)-POLYMERASE ACTIVITY AND REPLICATIVE
DNA SYNTHESIS: C57 bl MMICE TRIATED WITH DADH
AND/OR V" -IRRADIATION.

INTRODUCTION

C57 bl mice permanently carry the information of a retrovirus

in thelir genome. After Y’-irradiation oncogene activation occurs
and there is a high incidence for malignant lvmphomas in these
animals (1l). The tranforming genes of retroviruses are c-onc
jenes derived from normal cellular genes and there is evidence
that virus induced tranformation 1is correlated with increased
level of exoression of these genes (2). The cell derived onc
secuences of thvmic lvmphomas in C57 bl mice are designated K and
N ras and nrobably myc (I. Guerro, personal communication). With
induction of differentiaticn a certain diminuation in virus rela-
ted onc message was observed (2). The expression of related onc
sequences was also detected in an neopnlastic T-cell line which
sroducas the human T cell lymphoma retrovirus HTLV. The expres-
sion of nrotooncocenes is induced following induction of termi-
nal differentiation In vitro. Inapprovriate expression of pro-
tcconcogenes o~revents the cell from reaching terminal differentia-
“icn. There is a close relationship between the molecular mecha-
nderlving both »nroliferation and differentiation.

There 1s 23lso 3 close association of certain protooncogene pro-
iff=rentiation and »nroliferation. Point muta-

es, which can result from defective or mis-

’

n
ason for aberrant growth factcers wnich can
enic

notential.

varie=v oI onccaenes are armplified during tumor progression, and

~ne frecuency 2f cene amplification can be increased Dv agencts
WNish gen2rat? a transient innibition of DYMA svnthesis, inclu-
.. radiazion and carcincgens., When DNA 3svynthesis 1s stopoed

0f “he 3-ohase, specific ONA amplifi-

rmas invelwved In DNA metabolism.




Amplification of these oncogenes can enhance thelr =xpression,
but mutation does not seem to be a necessary compaglon of onco-
Jene amplification. For the amplification orocess of oncogenes
chromosomal rearrangements are necessary to bring the oncogene
in close connection to a renlication origin of DNA synthesis. In
2alier experiments we could show that short repetitive inters-
nersed DNA secuences called ALU seguences are present in DNA
renlication origins (3). In an in vitro system, enriched repli-
cation origins enhanced the activitv of the poly(ADP-ribose)-

cl

vmerase nresent in chromatin (4).

tirranforming drug action of modulators of poly(ADP~ribose)-

vmerase (E.C.2.4.99) apneared to be connected to augmented

0
3 0 3
}_‘

zyme activity in vitro (5) and in vivo (6) and seems to be
restriczed to the early S phase, possible by the biosynthesis
of new 20lv(ADP-ribose)-nolymerase orotein (7). Inhibitors ol
20

lv({ADP-ribose)-polvmerase may have promoting or inhibitorvy

ts on the transformation process dependent on treatment

c
dule, concentration andé cell cycle (5, 9 - 13). We have

9]

noosen the antitransforming and differentiation inducing drug
hrexamethvlene bis-acetamide (diacetvldiaminohexane = DADH), be-
cause in vitro it orevented almost completely carcinogen induced
transformation at 1 mM external concentration and even at 20 mM
nad no apnreciable inhibitory effect on nuclear poly(ADP-ribose)-
ncolvmerase (5). Simulzaneously with the differentiation process
an increase in polv(ADP-ribose)-polymerase-activity was detected
in erv:throleukemia cells (14), in mvoblasts (15), and in the pre-
sent exveriment in svleen cells of C57 bl mice. DADH is a potent
inducer of differentiation in some cell types. The main part of
this ceompound i1s deacetylated upon cell entry (15). DADH is well

water soluble and a highlv stable compound.

Jlarks 2+ al. made daily injections of up to 30 mg/kg/d to tumored
saw an altered survival pattern, Lut not an increase
in over2ll surviwval (17).
The fact that 1in our experiments DADH seems *o be also a cance-
roenic drias 1s of intares+t in connaection with the deacvlated
ulat2 DNA directod DA synthesis

~atailorsed o omammalian come C resroviral SNA colvmerase i13).

¢
" B Py
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The control of DMNA synthesis seems to be one of the key points
in carcinogenesis. In all pnases of this process, after 1nitia-
~ion, during oromotion and orogression, inhibition of DNA synthe-

’

.S can interrunt carcinogenesis.

w
b

In the present naper nolv(ADP-ribose)-synthesis was compared
with DINA svnthesis (including DNA amplification) in relation to

thie occurrance of malignant lymohomas in C57 bl mice,

HMATIRIAL AND METHODS

C57 bl/6 mice, 8-10 weeks old (supplied by the Forschungsinstitut
fur Versuchstierzucht Himberg, Austria), were used for the expe-
riments. Feed (altromin diet 131ff) and bedding material were

-1rradiated with 10 XGyv for sterilization. The animals were
divided into 4 test groucs:

1. Controls

’

[89]

. Administration of DADH (100 »npm in drinking water, during
wnole life span).
2. Whole body irradiation with 1 Gy 60-Co with a dose rate
of 0.2 Gy/min, once initially.
4. Administration of the test substance, during the whole life
span and whole body irradiation, once initially after the

first week of drug treatment.

In zhe short term experiments animals were sacrified 18 h after

irradiation, the spleens removed and cell suspensions prepared
o . . . .

at 47C. The cell susvensions were washed twice with medium 199.

Living cells were counted by Trypmanblue s+taining.

PLR-3svnt.esis: Immediately after preparing the cell suspensions

raw chrematin was isolated bv lysis in a solution of 0.1: =DTA,

. : . - . . o)
2.002M Tris and 0.5% Triton X-100 for S min at 20°C. After wa-
2
3n1n¢ e raw cnromatin once with distilled water, l/uCL “H-MAD
;

!
(NEN, WET-442, 1.2 ¥ 10" Bg/nmol specific activiity) was acdded

i1 2 mixture of 9.13M sucrose, 0.001M =DTA, 0.002!11 DTE, 0.04#4




Tris, 0.04r MgCl, and 0.000125M NAD and then incubated at 37°C
for 30 min. The reaction was stopved by the addition of 40%
verchloric acid (finel concentration 20%) in the cold. The pel-
let was nvdrolysed at 90°C in 6% PCA for 30 min. The DNA conten<
(omtical density at 260 nm and 290 nm) and the radicactivity
(liguid scintillation counting) of each sample was measured in
aliguots of the supernatant, obtained after centrifugation. The
radiocactivity (counts/min) of the samples was calculated as spe-

1

s . o . _=-1 -
ciZic radioactivity (counts.min ~. ug DNA) .

/

Revlicative DNA-svnthesis: 2.5/uCi 3H—thymidine (NEN, specific

activity 72 Ci/mmole) were added to the cell suspensions. This

incornoraticn of thymidine in thc DNA was stopved after incuba-

. o
tion at 37°C £

[a$

or 90 min with icecold perchloric acid (PCA final
concentration 6%}. The precipitate was washed three times with
6% PCA. The nellet was hydrolysed at 90°C in 6% PCA for 30 min.
The DNA content and the radioactivitv of each sample was measured
in aliquots of the supernatant after centrifugation. The specific

radiocactivity (cpm//ug DNA) was calculated.

Gene ammlification measured from the occurrance of double minu-

tes: Animals were sacrified and femoral bone marrow cells were
cultured for 2 hours in complete medium in presence of colcemid
and lymphocvyte chromosome analysis were done after staining

the slides with Giemsa (pH 6.8).

RLSULTS

13 hours after whole body irradiation the DADH treated animals

a
showed significant increase in »oly(ADP-ribose)-polvmerase acti-

vity (£ig 1) 1n spleen cells.
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the same time replicative DNA synthesis is low, probable due

e
(el

to a block early in S-phase of spleen cells (fig. 2).

Gene amplification seems to be also restricted to the early
S-phase and double minutes were countecd in bcne marrow cells

ig. 2). ror detalls see enclosure 5.
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ng term experiments noly(ADP-ribose)-polymerase activi-
in 2/3 of the lifesvan in irradiated animals,
we

s
only in the last phase DADH treated mice showed hicher values
4

; Poly (ADP) ribose—polymerase activity W
o
figure 4 in spleen cells of Cs; bl mice
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Replicatzive DNA synthesis was highest at the beginning of the

2xnerirments in the group with combined treatment (DADH +K’).
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1@ with age C, it increased 1n the irradiated group to
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hest level of all groups (fig. 5).
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DISCUSSION

Cancer formation by 6/-irradiation of 1 Gy is almost always

a slow process requiring mcst of the life span of C57 bl mice.
The long latency appears due to a stepwise, sequential transfor-
mation of normal into malignant cells via several intermediate
2211 =onulations. Differentiation steps are certainly ©f impor-
~ince in these mechanisms. A relationship exists between inhibi-
220 2f the cell cvecle and differentiation of certain cells.

12 of DP-ribzcsvlation in differentiation was first sug-

=iz Canlan ind Rosenzerg (19). After an init:iul S-pnase

wel i iDP-ridese)-synthesis increased (l15), which was seen
vir oarars serm exneriments (fias. 1 and 2). The 1acrease
coriorital activisy of tne polv(ADP-ribosej-peolymerase

. ¢ Toincroase in the numper of enzyme nolacules,

- ictivitasion (29). But from our resulcs




we will not =2xclude alsc de novo svnthesis of the enzyme.

AL z¢

L

DADH treatment of mice there was no sicgniricant increase

k1,

vy

1A strandbreaks. The activity of polv(ADP-ribose)-nolymerase

-
w3

ok
n

3

-

ot onlyv depnendent on the NADT level or DNA strandbreaxs,

but alsc on an enzyme-asscciated DNA defined =23 3-DNA or coen-
zyvmatic DIA. The factor NADT level or NAD+—glycohydrolase acti-
vitwv could be excluded in our experiments, since we measured the
anzyvme activity 1n crude chromatin. From our amclification or

nutes data we Xnow that replication origins are enri-

3

'

dcuble n
€ 1n cells which show higher specific DNA amplification, Ze-
cause only DNA secuences located close to replication origins

an be amplified. (For details see enclosure 6). Poly(ADP-ribo-

G

se)-nolvmerase activity is in higher irradiated mice compared
with the group of combined treatment. It is Xxnown that premali-
anant cells show higher noly(ADP-ribose)-polymerase activity.
Onlv at the end of the life span DADH, which causes also a hig-

her risk for cancer, produced higher values.

Replicative DYA synthesis was initiallv higher in the group of
combined treatment, but during the rest of lifespan significant-
ly lower than in the irradiated group (figure 5). There is a
acod correlation of the DNA svnthesis in spleen cells with the
occurrance of lymphomas, because 500 days after starting the
experiments the numper of malignant lymphomas was the same in
the groun of ccmbined treatment ccmpared with the control group.
At the 2nd of the life span of C57 bl mice, when the number of
snontanecusly occurring lymohomas was already high, the combi-
ned groun was 3%1ll lower compared with “he DADH groupn and the

irradiat»d groun f(figure §), 2o0lv(ADP-ribosvlation) of proteins

certainly nlavs 1 resulatory rol2 in DNA metabolism and ultimat-
1 new 1insich<s 1n+<c the cause <f cancer and 1+<3 exnression can
Se connaechted witn Thls requla“sicn crocess.
sl oo SRRSERRRERISE S
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DA REPAIR AFTER UV-IRRADIATION

Unscheduled DNA syvntheslis (UDS) was nonsemiconservative repailr

oI damage to DNA, has been shown to occur over the entire genome.
The nrocess was first revealed by autoradiographyv when UV irra-
diation was shown *-o induce the uptake of labeled thvmidine

inzo non-S-phase cells. At least three steps are required: DNA
damage, excision of the damage and DNA-strand polimerization

and ligation.

The misrepalr or incomplete repair of DNA damage may be an ini-
tial s+tep leading to manv types of genetic alterations and,
indeed, many Xnown chemical mutagens and/or carcinogens and ra-
diation have shown to induce UDS. More recently, attention has

been focussed on the use of primary cell cultures from various

r

tissues for UDS assays. These systems mayv provide more relevant

{

[N

nformation on the genotocixicity of chemicals or irradaition to

selected target cells.

Comparison of the response observed in cells following in vivo
and in witro treatment underscores some basic differences in
these two methodologies. Treatment of the whole animal generally
provides a more accurate measure of the response in a particular
tarcet tissue than in vitro assays; however, these tissue-speci-
fic assays mav frequently miss genotoxic cecmpounds that produce

TuUmors 1n other tarJet tis

n

ues.,

nrenar=d from soleens of 5 ml PBS, containing

s
ells/ml, were 1irradiated by a 15W germicidal lamo

.

. . - . 2 o -
an incident Zdose rate of 1J,/m” sec at 4°C for
a

/

_ A . . Ser oo
tely aZter 1rradiation 10 ,uCi/ml “H-thymidine
1

[
4]

uspensions incuoa-
2 Ior ») min. Unlrradiated samples =reated in the
same wav served as controls for the evaluatlon of backaround

and renLlizative DNA synthesis (= SD5). After 30 min incubation,




A
o
N 1

!

-

9

+

5
~ |

1

ine uptake was stoprned by acddition of axcess cold %hv-

:A
]
VY
o

2
5
2
@)

midlne, the cells washed several times and fixed 1n icecold
methanol-acetic acid (3:1). Autoradiograms were nrepared by
53 2 lidguid emulsion, exposed I[or 13 days

, slides were stained wi<nh Giamsa.

One hundred cells were scored on each slide, the relative refle-
xion of silver gralns per labeled cell was determined photome-

tricallv bv a Zeiss microscope snotometer OlX.

It was & ouL in the report of the grant period 1984/1935

o~ -
ULlic

e
M

that in the short term experiments 1 mM 2-M4BA did not arffect the
anocunt of UDS induced bv UV radiation; nc differences in the
relative incornoration ot 3H—thymidine ver cell and the percen-
tage of labeled cells were found between the control group and
the group receiving 3-MBA, 1 Gy of gamma radiation caused a
slight decrease in UV-induced UDS; combined treatment of 1 Gy
gamma irracdiation and 3-MBA affected UDS to the same exXtent: but
in both cases no significance of this effect could be demonstra-

ted by variance analysis.

In the long term exveriment we could find that sopleen cells
wichout grains increased remarkable with age. The cells with
50 - 150 grains/cell and cells wilth <30 grains dont show great
changes during *+he life time. In the control group cells with
more than 150 grains are decreasing with age, but in the DADH,
UL and &/: DADH groupns there 1is agaln an increase at the end
of the life swman. It is of interest that in this period the

lvmnhoma incidence is increasina 'fic. 1V,

If we comoare the ratio between cells witn Lilvergrains o cells
without silvnrarains, we can ©2Ccodgnlze that in ai. JInins At

the end oI theo 1L man a gr2ac numder of cells wlthout ropalrs

oy

s
incornoration of “H-thymidine exis%ts. In both irradiatec jrouns
“harn 1s 1lso a dron of arains/cell soon after i1rradiat:on .

In =hr {/«:ADH 1roun 2he reconscitusion of cells

renalr 30es «urcier and reacnes a2t solnts Jond Eosae critical

vailues (17, 2 2.
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that there 1s a certain correlation

and the occurrance of lymphomas.
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INFLUENCE OF ANTITRAMSFORMER ON NUCLEQOIDSEDIMENTATION
In C37 bl mice a C~type retrovirus 1s latent present and thymus

is essential for virus replication. In the short term experi-

=3
e

t

nts we used “hymus cells for our nucleocidsedimentation stu-

. Since the thvmus decgenerartes during life sp

=)

n

a
PJ

0]
[
—

a
s were investigated in the long term experiments.

S

a |0

dimentation (sumercolled DNA)
a

n be obtained by lvsing cells with non ionic deter-

p—
D

o
a o
=
(172
o |o
ot
fu

[
=
oY
ul

oresence of hich salt concentration. The secondary

1]

(r
¥

in

Q
0]
ct
0
™

W
3
o
or
o)

r<

1 ertiarv structure (sumercoils) of DNA remains intact under
c

ot

ese conditicns. Besides of DNA, nucleoids contain nuclear RNA

i

ol

nd small amounts of nuclear proteins. A loss of supercoils
caused by DNA incisions, DNA strand breaks or intercalating
anents leads *o changes of the sedimentation velocity of

cleoids.

3 linear gradient was nrepared (15 to 30% sucrose, 1.95 M NaCl,
0.001  EDTA Na,,
overlayered bv a lysing mixture (1.95 M CaCl, 0.1 M EDTA Na2 ,

0.01 M Tris, oE 8.0) 1n centrifuge tubes and

2 mM Tris, 0.5% Triton X-100). Cell susvensions, non irradiated,

’
inmediately and 90 minutes, respectively, after an in vitro
irradiation (1 Gy 60-Co) were lysed on “he =op of the gradients
20 min and afterwarcds centriluged at 132.000 x g and

n. The sedimentaticn »reofile (position of the

(o8

207°C for =5 =

DNA maximum. was determined by measuring the extinction at

254 nm in a flcw nhozometer. The sedimentaticon distance of the
nuclecids as measured from the %on 2L “he gradients was relacad
“3 zhe wnclz2 l=anath of the agradieont (R.-values) (Zig. 1).

3oth substances behave similarly wich respect t¢o the nucleoid

sedimentation srofiles. An increased sedimer tion velocizy can
D

ta
ce sean »2soneclallv in t“he combined sroun. Proteaseinihibliion or

S b

generatod v gene amolifica-

incrzased DNA 7Zon+tent ~er nucleci
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—icon could 2e an exvlanation for this afiect.
he long term studv a similar effect could bhe observed 1n zne

cend nart of the life span of irradiated mice (fig. 2.

If we calcularte the ratio between nucleoidsedimentation and
solv(ADP-ribose)-pclvmerase activity the irradiated group shows
zhe hichest values, a mecderate e2ffect can be observed in the
rCDADH agroup (fig. 3). Further experiments are necessarv to

axnlain “hese eifects.
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BASIC UDS AND POLY{(ADP-RIBOSE)-POLYMERASE ACTIVITY

Basic UDS in spleen cells

Basic UDS in healthy cells is generally very low, and silver
grains between 10 and 20 per nucleus can be seen only in prema-
lignant and malignant cells. Under certain selective conditions
also specific DNA amplification can contribute to higher silver
grain numbers per nucleuc. Figure 1 shows that in the control
group cells with more than 3 grains/nucleus only appear at

point D. In all other groups low level UDS starts already at the
beginning of the experiments. In the irradiated group cells with
= 8 SG/N occur early after irradiation, in the XJ+ DADH group
there is a delay in the onset of higher level UDS. Cells with =
20 SG/N show the same tendency, only in the last step of the
life span UDS in the irradiated group increased till the end of
the studv. In animals, receiving only DADH, also higher UDS va-
lues were obtained compared with controls. A certain correlation
between basic UDS and the occurrence of lymphomas seems to
exist. (Cornare also poly(ADP-ribose)-polymerase activity in

spleen cells, nage 78).
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Basic UDS in liver cells

Cancer formation by low dose radiation is almost always a slow
orocess requiring a long part of the total life span of mice.

The liver offers a major advantage for studies on cancerogenesis.
The =arliest sign for transformed cells are discrete foci of
nphenotyoically altered cells in the liver. It takes very often
more than 1 vear of oromotion, before 50% of normal liver tissue
is replaced by focal Y-GT positive cells. If there 1s no promo-
tion after the early occurrance of foci, this premalignant cells
have no chance to survive (R. Schulte-Hermann, personal commu-
nication). Premalignant cells nave already a higher poly(ADP-
ribose)-nolvmerase capacity. In our experimencs poly(ADP-ribose) -
nolymerase activityv was followed after isolation of crude chroma-
tin. In figure 2 we can see that in contrast to spleen cells,

the combined group (&/+ DADH) showed the highest ADP-ribosyla-
tion of nroteins. We cannot exclude that premalignant cells
occurred in the liver of mice in all treated groups in the first
1/3 of the life svan, but they died after a certain time of per-
sistance. Tumor promotors are often hormones or compounds with
hormone like effects. Some preliminary experiments with glutau-
rine have shown that this hormone like compound can increase the
o

n
lv(ADP-ribose)-nolymerase activity, without introducing DNA

J

o

-
L

P}

axs (see also enclosure 7).

For UDS determination in hepatocytes a cell-suspension was pre-

J

nared. The liver of the animals - while in strong ether anaeste-
sia - was perfused first with EDTA containing PBS and then with

a solution of 0.05 U/ml disphase and 10 U/ml collagenase in

BME medium with 1& serum. The livers were incubated for about

one hour in this solution. The organs were cut into small pieces
and transferred to a solution of 0.5 U/ml dispase and 1 U/ml col-
lacenase in BME medium with 2% serum. A single cell suspension
was made by slowly stirring this solution. The cells were cleaned

from debries by repeated centrifugation in PRBS.

lS/uC: 3Z!—thymidine were added to 1 million of c¢ells in BME

mediun with 3% serum and incubated at 37°C for 90 minutes. The

c2lls wers washed in 3PS and incubated in medium containing 0.1
1/ inactivate thymidine for 20 min. After more washings in

OR35S :he colls were allowed o swell 5 min in 1% triscdiumcitrate
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solution and then fixed with methanol - acetic acid.

The fixed cells were drooped on to slides and covered witnh »hoto-

raphic emulsicon. After 3 weeks of exposure in the dark <ne

a

n
}..‘
}4‘
{1
[ty

r
z2s were develoved and stained with Giemsa. The number of
cel

silver grains in S0 ls ner animal were counted in a micrsco-
ne.,

.gure 3 shows %that UDS was highest in the combined group { p +
DADH) ated groupn.

followed bv the Tui::adiated group and DADH tre

IZ DADH has some carcinogenic potential it seems clear that

.

/DS mayv be higher in the DADH treated animals because this sub-

¢

stance was given during the whole life span. But it is of scve-

~

I

tal interest, that mice which received only once, at the becin-

a
ing of the study, 1 Gv X’—irradiation, 500 days later still
o

o]

showed augmented basic UDS. DNA damace produced by 1 Gy 60-Co-

rradiation in mouse cells is normally repaired within 1/2 h.

fa-

+3

herefore a special mechanism (induction of error drone repair?)
should be responsiile for this increased UDS, which is nresent
curina the rest of the life. The £following tables show the sin-

al2 values.




Figure 2

Poly (ADP ribose) —polymerase
activity in liver cells of C5, bl mice
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Table 1
bmmm - P + fommm-—
{MOUSE INDUCTION MOUSE
| NR. Uns W NR.
T B e + e
| 501 0.53 190 701
‘ 502 0.38 136 702
i 503 0.16 57 703
504 0.38 136 704
101 0.20 71 301
102 0.16 57 302
103 0.21 75 303
( 104 g.21 75 304
$ommm—- fommmm e + O
| MEAN | 0.28 1060 | | MEAN
fommm—- foemem == + 4=
fommm - fommmmmmm = + B
MOUSE INDUCTION MOUSE
NR. ubs b NR.
fommmm- R e + $ommm--
105 0.22 47 505
106 0.38 81 506
107 0.36 77 507
108 0.92 197 508
109 0.40 86 509
110 0.50 107 510
; 111 0.40 86 511
| 112 0.54 116 512
fommm——— fommmm e, + fommmm~
| MEAN | 0 47 100 | { MEAN
$mm——— fommmm e + fommmm-
305 0.36 77 705
306 0.74 159 706
307 0.24 51 707
308 0.22 47 708
309 0.20 43 709
310 0.48 103 710
311 0.38 81 711
312 0.50 107 712
$mmm—-- fommcmmm e m i, + $ommm--
| MEAN ] 0.39 83 | | MEAN
O fommmm e mmmmm - + e

_____________ +

INDUCTION
uDs %
............. +
0.31 111
0.30 107
0.24 86
0.32 114
0.38 136
0.30 107
0.33 118
0.37 132
_____________ +

0.32 114 |
_____________ +
_____________ +

INDUGTION

uDS %
............. +

0.76 163

0.82 176

0.66 141

0.42 90

0.26 55

0.46 98

0.40 86

0.56 120
............. +

0.54 116 |
............. +

0.50 107

0.76 163

0.82 176

0.50 107

1.50 322

0.56 120

0.60 129

.38 81
————————————— +

0.70 151 |

AFOSR

.
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Table 1, cont.
$mm——-- R +
MOUSE INDUCTION
NR. ubs %
e o, +
113 0.50 56
114 1.42 159
115 0.46 51
116 0.64 71
17 1.18 132
118 0.96 107
119 1.40 157
120 0.56 62
R e +
[ MEAN I 0.89 100 |
e s +
313 1.00 112
314 0.78 87
315 1.04 116
316 2.62 294
317 1.60 179
318 1.96 220
319 1.06 119
320 1.20 134
e L T R +
| MEAN | 1.41 158 ]
bommm- - R LT +
R R +
MOUSE INDUCTION
NR. ubds %
bomm - R +
121 0.58 163
122 0.24 67
123 0.32 89
124 0.26 73
125 0.38 106
126 0.40 112
127 * kX % * *
128 0.31 87
toemmmm- e +
] MEAN ! 0.36 100 }
pommm——- e e e e +
321 0.50 140
322 0.88 247
323 0.60 168
324 0.32 89
325 0.56 157
326 0.38 275
327 0.90 253
328 0.34 9§
- tomem e m e +
} MEAN | 0.64 178 |
$mm - $remm e —as +

ATOSR
$------ R +
MOUSE INDUCTION |
NR. IhE %
- terrr e e +
513 2.54 285
514 1.86 208
515 1.22 137
516 1.34 150
517 2.32 260
518 0.66 74
519 1.34 150
520 0.88 98
o fommmmm e oo +
| MEAN | 1.52 170 |
$---==-- R +
713 1.62 182
714 1.74 195
715 1.48 166
716 1.84 206
717 1.80 202
718 1.32 148
719 2.12 238
720 1.24 139
fmm——-— N T T +
| MEAN | 1.65 184 |
L e +
N R e +
MOUSE INDUCTION
NR. UDS %
+------ R +
521 0.34 95
522 0.82 230
523 0.92 258
524 0.60 168
525 0.70 196
526 1.22 342
527 0.86 241
528 0.70 196
$o----- ommmmmememm e + T
| MEAN | 0.77 216 |
R Fommmm e e +
721 0.34 95
722 | 0.74 208 ]
723 0.54 151
724 1.06 297
725 1.04 292
726 0.54 151
727 1.30 365
728 | 1.22 342 |
t------ Hommm e +
| MEAN | 0.85 238 |
$o--m-- dommmmem e e +
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Taple 1, cont.
fommmm- fmmmmmmmmm + emme-- T +
'MOUSE | INDUCTION | MOUSE INDUCTION
R, | ups 5 NR. | UDS 3
o fommmm o m e m - + R fommmmmmm o
129 | 0.54 164 529 | 0.68 207
130 | 0.22 67 530 | 0.32 97
131 0.26 79 531 0.66 201
y32 | 0.34 103 532 | 0.80 244
| 133 ] 003 103 533 | 0.60 183
132 | 0.50 152 534 | 0.34 103
5 135 | Q.22 67 535 | 0.88 207
| 136 | 0.20 61 | 536 | 0.76 23
+

329 g.52 158 729 ‘ 0.64 195
330 0.46 140 730 0.72 219
331 0.76 232 731 } 1,00 305
332 0.80 244 | 732 0.36 1G9
| 333 0.63 207 | 733 l 0.50 152
334 0.60 183 734 0.86 262
l 335 0.44 134 i 735 | 0.78 238
| 336 | 0.40 122 | 736 | G.44 132
bammmm- B + foemmm- E
| MEAN | 0.58 177 | | MEAN | 0.86  2C2
fmmmm - R + O fommm e ————
- B ittt A i + - B R e T
'MOUSE | INDUCTION MOUSE | INDUCTICHN
| NR. | UDS % NR \ 305 .
R focemm e + dmm oo R R
137 | 0.48 106 | 837 0.82 182
138 0.62 137 538 C.76 188
139 ‘ 0.34 75 | 539 1.z 3s
' 140 0.44 97 540 0.7C 155
{ 141 i 0.60 133 541 Glad 203
| 142 | 0.34 75 542 0.30 250
| 143 0.34 75 543 0.98 217
| 144 l 0.44 97 l 544 | 1.28 275
b~ R + $ommm—- R
CMEAN | 0.45 100 || MEAN | 0.37  21%
fommmmm B + Fomm—- fommmm e
337 | 0.56 124 1 737 ﬂ 0.48 106
538 0.58 123 | | 738, 0.52 1%
‘ 239 0.42 33 | 739, 0.80 177
| 340 0.54 120 . | 740, .38 13S
| 341 .52 115 | . 741 | 0.80 133
342 0.82 182 | | 742 { 0.30 200
343 0.66 146 | 743 1 0.8 123
| zad | 0lsz otz 0, Taa | L3 -
pmmm - foommm e e + tommm - fmmmm -
| MEAN | 0.62 136 MEAN | 0.54 147
4t m = - - R I et i + - -—- - e mmm -, .-

Y -
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cont
PR Fmomm e mo o + tmmmm o
| MOUSE INDUCTION | MOUSE
" NR. ThE v NR.
Feemoam Fmo e e + 4mmmmm
145 1100 119 545
| 145 | 0.30 98 546
147 1,12 122 547
148 | 0.84 91 5438
149 | ©.74 80 549
| 150 1.18 128 550
15 3.58 63 55 1
152 | 0.88 95 552
e fommmmm e + tommm -
COMEAN | 0.92 100 | | MEAN
tmmmmm- fom e + temmm--
| 345 1.08 117 745
. 345 .24 135 746
347 | t.0a 113 747
3481 0.80 87 748
349, t.22 122 749
350 | 0.82 39 | 750
) 0.54 53 751
| 352 | 0.30 87 | 752
o Ll A R + tommm-
| MEAN | 0.94 102 | | MEAN
o - R T + $ommm e
tomma- e + emmmmm
MOUSE | INDUCTION | MOUSE
CNR. | UDS 3 NR.
R T + dmmmmm-
. 153 1 1,08 130 | 553
154 0.86 104 | 554
. 155 | 0.64 77 | 555
156 . 1.06 128 556
157 1 0.84  1C] | 557
158 0.56 67 558
159 | 0.58 70 | 559
160 | c.o8 118 | 560
$mmmm $ommmm—m e + $mmmm—-
| MEAN | 0.33 100 | | MEAN
o ommmm e + T
353 1 1.4 174 753
D o3sa !l o1l3s s 754
355 ( 1.18 143 f 755
56§ f.i2 1ss 756
357 1 0.90 109 ‘ 757
358 | 2.20 266 758
| 359 1.06 128 759
360 1 1.12 35 | 760
$omemm L T R + fmmmmen
COMEAN 1 1,30 157 | | MEAN
temm e $ommmem e a + fmmmm -
arddl

e +
INDUCTION |
UDS v

e +
1.94 211
1.20 130
1.06 115
1.18 128
0.92 100
0.84 a1
1.28 139
1.08 117

R +

| 1.19 129 |

fomm e m - +

| 0.88 95 !

j 1.82 98 |

| 0.96 104

] 1.20 130

1.3 126
1.16 126 |

‘ 1.038 Y17

| 1.48 161 |

tommm e - +

| 1.24 135

e +

fmmmmm e m oo +

| INDUCTION |

| UDS .

R it +

| 2.64 320
0.86 104
1.74 210 ;
1.72 208 |
1.38 167 |
.70 206
0.96 116 |
1.24 150 |

e +

| 1.53 185 !

R I +
1.70 206 |
1.70 206 |
1.86 225
1,18 143 |
2.26 273 |

| 1.5 15z

| 1.30 230

boo1.a2 0 172

R +

| 1.86 201 |

mm e m e e oo o +

AFOSR




Table 1, cont.

- 105
dmmmm e o +
INDUCTION
uDS %
Fommmmm e +
0.82 132
0.44 70
0.52 83
0.74 119
0.36 58
0.58 93
0.52 83
0.98 158
R T T +
| 0.62 100 |
R b T +
0.64 103
0.90 145
0.78 125
1.14 183
0.72 116
0.84 135
0.58 93
0.76 122
N LT TR +
| 0.80 128 |
T e T +
fomm e e n e +
INDUCTION
THE %
T +
1.84 134
0.66 48
0.94 68
1.02 74
2.14 155
1.94 141
1.58 115
0.86 62
foummmmmm e +
| 1.37 100 |
ommmmm e +
1.16 84
* kK X * %

* ok Kk * %
R +
| 1.16 84 |
R +

------------- +
INDUCTION |
ubs .

_____________ +
1.24 200
.58 93
1.00 161
1.38 222
0.86 138
0.64 103
0.82 132
1.44 232

............. +
1.00 160 |

............. +
1.16 187 (
0.96 154 |
1.46 235 |
1.14 183
0.88 141 I
1.28 206
1.02 164
0.80 129

_____________ +
1.09 175 |

............. +

............. +
INDUCTION
ubs %

............. +
.26 91
0.76 55
2.60 189
1.54 112
2.26 164
1.22 88
1.06 77
0.66 48

............. +
1.42 103 |

_____________ 4
1.86 135
1.58 115
2.08 151

............. +
1.84 134 |

............. +




QUANTITATIVE DETERMINATION OF THE POLY(ADP-RIBOSE)
LEVEL IN SPLEEN DNA LIVER CELLS

The data obtained from poly(ADP-ribose)-volvmerase activity
determinations in crude chromatin in the last 1/3 of the life
sman, when already an increase in lymphoma rate could be obser-
ved, showed the highest ADPribosylation of proteins 1in the DADH
groun followed by the ~irradiated and the combined group.

This relationship was nearly the same in spleen and liver cells.
It was of interest for us whether poly(ADP-ribose)-synthesis and

the level of »olyv(ADP-ribose) show a certain correlation.

For the following investigaticons we used a modified method of
A, Hakam et al. for the quantitative determination of poly(ADP-

ribose) of cells by high performance liquid chromatography.

To get a higher sensitivity, this method is based on the oxyda-
tion by sodiumperiodate of 2',3'cisdiol-groups of the ribose
moietles 1in nolv(ADP-ribose) to aldehyd groups, followed by

e reduction by 3H—borohydride to primary alcohol groups. For
the sernaration into oligo- and 2oly(ADP-ribose) the stationary
nhase used was a reversed nhase - silicagel, which was chemically
Todified, and the solar mobile phase was water, methanol and
acetcnitrile (gradient C). The detection system was an UV-detec-
tor couvied with a fraction collector. The radicactivity was

neasured in a liquid scintillation counter.

In fie. 1 and 2 the olico and noly{ADP-ribose! levels 1n spoleen
21lls ar~n shown. There 1s a certain simllarity between

< 20lv(ANP-riscose)-svnthesls values and =ae level
n

G
[t
(0
b o
U,

c which are poorly dividing
nolADP-rizose) levael 15 a lis<le nlnher cornared with the
nlicolADPrincset~izaction and nositiv? wizh fne DASH and KC

¢ rroun i gnlee~n cells, Twat’+ 2aDi groun again snowed

“rna =andency %0 reaxcn the lavel of the control groups. It means
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rhat there 1is again a correlation with the number of lympnomas 1in
zilis nerioc of the life time of C57 bl mice.
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SUMMARY OF ALL RESULTS

The most important results of the animal studies on the mode

of action of the antitransformer DADH in short and long term

2xseriments are ithe following:

1. Combined treatment of DADH and -irradiation generated a
dacreased incicence of malignant lymphcma compared tob/—irra—

diation alone.

(3%

. DADH itself snows some carcincgenic properties,

(&)

. In short term experiments DADH has an immunoprctective effect
with rasoect to r—irradaition
a. earlier reconstitution of lymohocyte subsets,
b. increase in natural killer cell activity.
4. Higher »oly(ADP-ribose)-polymerase activity to a certain
extent seems to control replicative DA synthesis and speci-

fic DIJA amplification determined by double minutes.

wm
.

Snleen cells with loss of DMNA resnair increased remarkably with

aga. At the same time lvmpshoma incidence is increasing.

5. Nuclzoid sedimentation studies showed an oversedimentation
nh2nomenon rather than DNA breaks during short and long term
axoariments .

7. A certain correlation between basic UDS in spleen cells and
the occurrance of lymphomas exists.

8. Basic UDS was hichest in the combined (?’+ DADH) group. But
also af<=2r a single irradiation dose of 1 Gy basic UDS was

d during the whole life time.

P-ribose)-nolvmerase activity parallels the poly(ADP-

content in spleen and liver cells at the end o2r the

1if2 sz=an 2f CS57 bl nmice.







